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HE third Power Show, as it is 
popularly known, or more for- 
mally the National Exposition of 
Power and Mechanical Engineering, 
is being held at the Grand Central 
Palace in New York this week. 


Suggested and inspired by Mr. 
E. G. Bailey, this undertaking has 
been successful from the start, each 
annual exposition exceeding its pre- 
decessor in number and variety of 
exhibits and in the number of and 
interest displayed by its visitors. 


Held at the same time as the meet- 
ings of the American Society of Me- 
chanical Engineers and the American 
Society of Refrigerating Engineers, 
it provides an additional feature for 
the visit to New York of their 
members, and the presence in the city 
of so large and important a repre- 
sentation of the engineering profes- 
sion assures an appreciative audience 
and desirable contacts for the ex- 
hibitors. 


The P ower Show 


In this issue we have attempted to 
recall what similar exhibitions were 
like when Power was started forty 
years ago, to outline some of the out- 
standing developments in  power- 
plant apparatus and methods during 
those two-score years and in an 
article by Mr. W. L. Abbott to 
outline the changes that have been 
necessary in the qualifications of the 
men to whom the operation of this 
apparatus, enormously increased in 
unit capacity and in complexity, is 
intrusted. 


May the success and the satisfac- 
tion of the past two years be repeated, 
and may the Power Show become and 
continue to be an annual exponent of 
progress made in the methods of pro- 
ducing and transmitting power and 
the machinery, ap- 


paratus, and ma- VT 
terials employed. Fa 
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The Power Exhibition o of 1884 


The development in power-plant equipment since 
the founding of “Power” in 1884 has been 
startling. Most of this work has been along 
the lines of improving methods and equipment 
in existence at that time. This is brought out in 
the following improvised story of what a power 
show in 1884 would have covered. 


HOSE ENGINEERS who are able to do so, should 
visit the Power Exhibition now being held in 
New York City. Here are shown hundreds of 
appliances for the power house, including steam engines 
running under steam, boilers set up ready for firing, 


Fig. 1—Mason governor to regulate pump speed 


new furnaces, condensers, valves. transmission, models 
of cable and electric street cars, and most interesting 
of all, a new steam engine, the Parsons turbine, and a 
system whereby a second fluid is used in the plant along 
with steam as a heat medium. 

While by no means the feature most interesting from 
the scientific point of view, the number of exhibitions 
of steam engines is astonishing. It almost seems that 
there are too many firms engaged in engine building 
for the factories of the country to absorb all their 
output. But as pointed out by an eminent engineer 


who accompanied the reporter in his round of the 
exhibition, the growth of the country largely depends 
upon the availability of steam power. In former days 
the location of a factory was determined by the avail- 
ability of a water power, and this caused manufacturing 
to be centered in New England, this section possessing 
most of the water-power sites. Where factories were 
erected away from water, the high cost of the efficient 
steam engines and the poor economy of the cheaper 
units were serious factors in meeting competitive prices. 

The advent of the automatic-governor, high-speed 
engine of small powers should do much to decentralize 
the industries of the country. While there are a num- 
ber of engines on exhibit such as the Harris-Corliss. 
Fig. 7, having Corliss valves, the majority are equipped 
with some form of slide, gridiron or piston valve. The 
most interesting of these engines is the Straight Line, 
designed by Professor Sweet and shown in Fig. 4. 


WY; 


Fig. 2—Furnace air preheated by flue gas 


This unit is so constructed that the framing tieing the 
cylinder to the bearing is in straight tension and 
compression. The flywheels, of which there are two, 
are mounted one on each side of the crank and between 
the main bearings. The valve used is the Sweet double- 
ported balance type, wherein a cover or pressure plate 
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Ze Fig. 5—Rider hot-air 


: Fig. 6 (above)—Westinghouse 
single-acting engine 


Fig. ? (left)—Harris-Corliss 
engine 
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Fig. 8—Parsons steam turbine Fig. 9—Engine using natural gas 


. Fig. 3—Edison dynamo coupled to engine Fig. 4—Straight-line engine ; 
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is placed over the valve and, being supported by side 
rails, takes all the pressure from the top of the valve. 
The use of live-steam coils in the receiver of com- 


Fig. cupine boiler 


pound engines to dry out the steam going to the low- 
pressure cylinder is not new. One engineering company 
accomplishes this drying process by waste heat. This 
is done by running the high-pressure cylinder exhaust 


Fig. 11—Hydraulic power system 


line through the boiler smokebox or breeching, and the 
chimney gases, which are around 500 deg. F., not only 
dry the steam but also superheat it to some extent. The 
system is shown in Fig. 15. 

A unique exhibit is an engine built by an English- 
man, Charles Parsons, and which is called a “steam 
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turbine.” In this, Fig. 8, there are a number of rows 
of tiny blades upon which the steam strikes and 
forces the drum carrying these blades to revolve. 
Between each set of revolving blades is placed a set of 
stationary ones which direct the steam into the next set 
of revolving blades. The model of six horsepower 
drives a small electric dynamo, and its speed is gov- 
erned by the voltage developed in the dynamo. The 
exhibitor claims that this machine can be built as large 
as the largest steam engine and would use no more 
steam. The main advantage of the new engine is the 
matter of first cost, for evidently it weighs but a frac- 
tion of the weight of a reciprocating engine. 

A number of years ago someone suggested the use 
of a second fluid in the steam plant. This has led to 
the invention of what is called a binary system; in 
this the steam, after doing work in the engine, 
is exhausted into the furnace of a boiler filled with 
carbon bisulphide, which takes up some of the heat 
in the steam and forms a vapor which is expanded in 


Fig. 12—Economizer recovers heat in flue gases 


a second cylinder and then condensed. In this way 
more work is done per pound of fluid than with steam 
alone. 

Still another interesting machine is a “gas” engine 
in which, after gas and air are introduced into the 
cylinder, the flywheel and crank forces the piston into 
the cylinder, compressing the gas and air to about 40 
lb. per sq.in. This has been found to be an improve- 
ment over the “free-piston” gas engine. While just 
introduced into this country, it is claimed that many 
are in use in Europe. The representative, in answer 
to an inquiry, said that either natural or artificial gas 
could be used. This should find a large market in the 
Pennsylvania natural-gas fields or in shops too small 
to use a steam engine. A twin-cylinder unit is shown 
in Fig. 9. 

While the flue (horizontal-tubular) boiler is more 
generally represented, there are models of two water- 
tube boilers. These boilers are made up of a series 
of tubes connected to end headers which have their 
upper ends opening into a drum. Water fills the tubes, 
headers and part of the drum. The furnace is under 
the tubes, and the gases are forced to travel along and 
up through the tubes by firebrick partitions. 

The boilers on exhibit are all, with one exception, 
built for pressures of around 75 Ib. gage. This repre- 
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sents a considerable advance over the 40 to 50 lb. 
pressure carried in most of the present-day plants. 
That pressures will ultimately go beyond 75 lb. is 
indicated by the presence of a water-tube boiler built 
for 400 lb.; this is a model of a boiler designed for a 
high-speed steamship. 

Wet steam, as many engineers have pointed out, in- 
creases the steam consumption of an engine very 
rapidly. To dry out the steam before it leaves the 
boiler, many of the horizontal type are equipped with 
steam domes, the idea being that the water will settle 
out of the steam before leaving the drum. One ex- 
hibitor has his boiler equipped with a pipe passing 
through the smokebox at the boiler front. Steam from 
the drum is dried out as it flows along the pipe to the 
engine. This system seems to possess considerable 
value. 

Still another feature in boiler building is worthy of 
mention. It has been customary for boilermakers to 
use a number of sheets to form the shell of the boiler. 
Steel mills are now able to rol} much wider sheets, and 
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Fig. 13—Murphy stoker 


the tendency is toward the general use of but one sheet 
for the boiler shell, the row of rivets being above the 
brickwork line. 

It has been the claim of many that there is a large 
loss of heat in a boiler furnace by reason of heat radia- 
tion through the brick walls. One furnace shown goes 
far toward the recovery of this radiant heat by having 
a series of water tubes along the sides of the furnace 
and connected to the water spaces of the boiler. 

While coal and labor are too cheap to justify any 
large investment in special firing equipment, the objec- 
tion to smoking chimneys in residential districts will 
create a demand for automatic firing methods. Among 
the apparatus offered are a number of smoke consumers. 
In one of these part of the chimney gases are reintro- 
duced into the furnace to be reburned. Since the gases 
passing out of the boiler carry a large percentage 
of unburned air, the re-use of this hot air not only 
assists in the combustion in the furnace, but insures a 
higher furnace temperature. In fact, it is as much of 
an air preheater as it is a smoke consumer. 

The question of the economy of preheaters for sta- 
tionary boilers is still unsettled. So little does its 
saving of coal amount to in dollars and cents that its 
adoption has been slow. On shipboard the forcing of 
the boilers are so necessary that forced draft is uni- 


POWER 873 


versal. The Howden system, of which a model is shown, 
covers not only a forced draft but likewise an air pre- 
heater. Two arrangements are in use. In one a helical 
flange is riveted around the sheet of a Scotch marine 
boiler and a second sheet wrapped around the flange. 
Air for the furnace is then drawn from between the 
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Fig. 14—Weller stoker 


two shells, the helical flange forcing the air in a spiral 
path. The advantage most noticeable on shipboard is 
the cooler boiler room. The second design embodies a 
set of pipes placed in a frame at the entrance to the 
stack. The hot gases passing up, heat the air flowing 
through the pipes on the way to the furnace. Since 
the furnace temperature is somewhat chilled by the cold 
furnace walls, the preheating should be of advantage. 
This design appears in Fig. 2. 

Still a second apparatus to recover part of the heat 
in the stack gases is an “economizer,” Fig. 12. This 
consists of two headers into which tubes are driven 
with a taper fit. The feed water on its way to the 
boiler is passed through these tubes, while the hot 
chimney gases, in passing between the rows of tubes, 
heat up the water. 

While the steam admitted to an engine is automati- 


Fig. 15—Steam to low-pressure cylinder reheated 
by flue gases in Hussey system 


cally regulated to meet partly the demands on the 
engine, the supply of water fed to the boiler is usually 
controlled by the fireman. As a result there may be 
too little or too much water going to the boiler. 
Regulators are by no means new, but the number shown 
indicates that it is becoming a practice to equip the 
boiler with a feed-water regulator that will supply 
water in accordance with the amount in the boiler, and 
a damper regulator by which the stack damper is opened 
or closed as the steam pressure falls or rises. Evi. 
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dently, the time is coming when the coal fed into the 
furnace will be regulated by the steam demand, as will 
likewise the rate of burning and the rate of boiler feed. 

In stokers two general types are shown. One covers 
an inclined grate, Fig. 13, upon which coal is fed from 
either side of the furnace. This, the Murphy, is a 
purely American design. A second design, Fig. 14, is 
that covered by the Weller stoker, which consists 
of a series of grate bars fastened on an endless chain. 
These grates are in a frame and are placed in the 
furnace. Coal is fed onto the grates, and as the chain 
travels toward the bridge wall, the coal is moved along 
so that when dumped at the bridge wall the fuel is 
entirely consumed. 

One most interesting instrument is a spectroscope, 
which consists of a set of spectacles with colored 
glasses. By looking through these glasses into the 


Fig. 16—Sprague electric system 


furnace, the temperature of the flames and the condi- 
tion of the fire bed are readily ascertained. 

Several firms are showing steam-engine indicators, 
the price being well within the reach of any engineer. 

The question of a power supply for shops too small 
to have engine rooms is a very live one. Three sys- 
tems, as outlined by drawings and models on exhibit, 
are suggested. As to which will be adopted only the 
future can tell. One exhibitor has a drawing of a 
hydraulic system, Fig. 11. This contemplates the run- 
ning of water pipes through the streets, and each 
customer has a duplex hydraulic motor which is driven 
by water supplied by a central pumping station. The 
displacement of the water in one end of the pump 
moves the plunger of the motor and upon reversal of 
the pump the motor ram is again moved by the water 
from the second end of the pump. Another contem- 
plates the supplying of steam from a central boiler 
plant, the shops to be equipped with engines of a size 
suitable for their needs. This is but an expansion of 
the district ‘steam-heating system, such as the one in 
«New York City, which has several hundred customers, 
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the charge being 50 cents per 1,000 lb. of steam at 60 
lb. gage pressure. The third and most novel is the 
electric system. At present the electric-light plants 
supply only lighting, but one manufacturer of dynamos 
proposes to build small motors, similar to dynamos but 
running backward, and electric energy will be supplied 
by the lighting company over wires to the motors in the 
user’s premises. This, if it can be done economically, 
should have possibilities, for at present the light plants 
are run only in the night time. The use of the light 
plant for power during the day is practiced by one com- 
pany at the present time. This plant is located under 
a shoe shop, and during the day the engine drives the 
shoe machinery by a belt. A direct-connected Edison 
electric dynamo is shown in Fig. 3. 

The Sprague system of electric distribution of power 
shows the application of motors to machines and mills. 
Fig. 16 shows this system. Picture 1, is of a flour mill; 
2, hoist for building purposes; 3, turbine driving gener- 
ator; 4, elevator; 5, loom; 6, calico-printing machine; 
7, mining pump; 8, the motor; 9, central station; 10, 
mine tramway; 11, printing press; 12, mine hoist; 13, 
street car; 14, wood lathe; 15, metal planer; 16, mining 
drill. 

A still more unusual invention is an ice machine. 
This is for the purpose of making artificial ice to be 
used in place of natural ice. While it is new and even 
the exhibitor was rather vague in explaining how it 
worked, apparently a volatile liquid is allowed to expand 
into a receptacle and in so doing is greatly reduced in 
temperature, sufficiently to freeze water flowing over 
the side of the receptacle. The vapor is then drawn 
into a compressor and raised to the original pressure, 
whereupon the vapor is condensed by the application 
of water at ordinary temperature. 

The Mason regulator takes its motion direct from the 
piston rod of the pump or engine, and is connected 
directly with a balanced valve placed in the steam pipe. 
This is shown in Fig. 1. 

The Rider hot-air engine, shown in Fig. 5, has been in 
use for some time for pumping purposes for railroad 
water tanks, manufactories, stables, private houses, etc., 
where a light power and one that demands little attend- 
ance is required. 

News that the Westinghouse Machine Co. has been 
enlarging its works to a four engine per working day 
capacity indicates the popularity of this engine, which 
can be had in sizes of from 4 to 75 hp. A picture of this 
engine is shown in Fig. 6. 

A familiar sight is the exhibit of the porcupine boiler, 
shown in Fig. 10. The essential feature is a vertical 
drum with radial tubes. The inner end of each tube is 
open, while the outer end is closed. The inner ends of 
tubes are expanded into the holes in the drum. The 
steam leaves the boiler through a vertical nipple, in the 
upper end of the drum, from which a series of small 
horizontal pipes extend outwardly and into the upper- 
most radial tubes. By this means steam is made to pass 
out in the large tube to the outer end of the small pipe, 
and thereby any moisture that it may contain is con- 
verted into dry steam. The radial tubes being at right 
angles to the current of heat, are placed in the drum in 
such a manner as to cause these currents to take a tortu- 
ous lateral course in their exit from the combustion 
chamber. 

As a whole the exhibition reveals a remarkable prog- 


ress made during the last fifty years in power 
machinery. 
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Analyzed by 


BOUT four years ago air flow was tried out by the 
steam-turbine department of the General Elec- 
tric Company for investigating flow conditions in 

which a 2-in. supply pipe was utilized. At the present 

time there are two test stands, each supplied through 
6-in. pipes with air at 90 lb. per sq.in., which are run 
continuously, nights, days and overtime. More than 

1,100 models have been tested, ranging in variety from 

turbine parts to elements of air compressors and the 

ventilation of electrical machinery. These are univer- 
sally applicable to any problems concerning the flow 


Fig. 1—Measuring impact at various points of air 
discharge from nozzle 


The nozzle group in a horizontal position discharges air into 
the wooden chute in the background. In a turbine the nozzles 
would be held vertically by a diaphragm, discharging steam into 
rotating blades, and receiving steam from rotating vanes. The 
pool — would line up with bucket tips, and the right with the 
disk edge. 


of a fluid, whether compressible or incompressible. 
Those whose solution is in doubt, may frequently be 
solved quickly and economically by means of the air- 
flow test. 

An ingenious machine, making it possible to analyze 
flow conditions quickly and accurately, was constructed 
from a scrapped grinder. Efficiencies may be calculated 
from results obtained as described in a paper, “The 
Turbine Designer’s Wind Tunnel,” by H. Loring Wirt, 
for presentation at the annual meeting of the American 
Society of Mechanical Engineers, Dec. 1-4, 1924, New 
York City. 
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HE wind tunnel, which has 

played an important part in 
research relating to airplane 
elements, is here utilized in 
principle, for investigating the 
suitability of turbine nozzles, 
valves, buckets, or other parts for 

transmitting steam efficiently 


Fig. 2—How impact pressures vary in air discharged 
from inefficient nozzle 
Templets of traverses lined up in relative positions are taken. 


Threads show impact values for perfect nozzle. Note valleys and 
depressions showing losses 


The model of some nozzles which are ordinarily situ- 
ated in the diaphragm of a steam turbine, is shown as 
being tested in Fig. 1. Three adjacent nozzles of a group 
are built of mahogany, with steel partitions. Air dis- 
charged from the middle outlet is thus supported by 


Fig. 3—Highly efficient nozzle traverses show uniformly 
high impact values 
Except where nozzle partitions and edges cause slight reduc: 


tions, high efficiencies are realized and threads are not required 
to indicate Maximum impact. 
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that emitted from the nozzles on each side, in the same 
way that would occur in the actual machine, where 
many nozzles of this kind extend partly or entirely 
around the diaphragm. 

The nozzles on test would therefore in practice be 
placed vertically, the right-hand side, shown in Fig. 1, 
being nearer the shaft and lining up with the edge of 
the disk, while the left-hand side would line up with 
the tips or shroud ring of the moving blades. Air 
discharge enters the chute shown in the background. 

In an actual turbine this nozzle would receive steam 
from moving blades. The tips of the blades move 
somewhat faster than the roots, as the latter revolve 
with a shorter radius. Conditions of air entering the 
nozzle from these blades with respect to direction and 
speed of flow are somewhat different at the blade tips 
from those at the edge of the disk. In order to simu- 
late the conditions of an actual turbine, the air duct 
that leads to the nozzle being tested is shaped and 
constructed so that air will be received under the same 
conditions of direction, etc., as that in an actual ma- 
chine. 

For measuring the angle of the air discharge, a 
special double vein angle meter has been developed 
which gives better results in the presence of high veloci- 
ties than the single-vane type ordinarily employed. 

The nozzle efficiency at any point may be calculated 
from impact measurement. An impact tube may be 
held on the discharge side, and from the impact pres- 
sure the pounds of air discharged per square inch, or 
from any other desired unit area, in a unit of time can 
be figured. From the pressure and velocity of the air 
that is supplied, the impact produced by a perfect nozzle 
expanding to atmospheric pressure can readily be cal- 
culated. If the actual impact pressure measured cor- 
responded closely to the theoretical value, the calculation 
of the unit discharge is conveniently made from the 
usual laws of flow. 

If this impact, however, is reduced appreciably below 
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Fig. 4—Loss-efficiency diagram of inefficient nozzle 


the theoretical amount, it is evident that friction or 
eddies, ete., have interfered to prevent efficient flow. 
Heat lost in friction is returned to the air, so that by 
assuming the air to be thus superheated, the discharge 
for a lower impact value than the maximum may also 
readily be figured. Special U-tubes are constructed by 
which the impact readings may be taken with the great- 
est facility. 

It is possible to figure the amount of energy that 
would be liberated by expanding a pound of air from 
the initial to the final conditions in a perfect nozzle. 
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From this we may calculate the amount of energy that 
any unit area of the nozzle outlet should supply if the 
weight of air were expanded at 100 per cent efficiency. 

The weight of air that is found by test to be dis- 
charged per unit of area, and per unit of time, is 
multiplied by the amount of energy that one pound 
of air theoretically shovld supply. The result would 
represent, then, the energy that should be derived from 
all the air that is discharged from the unit of area in 
question, in the unit of time. 

By testing the actual air discharged over a large 
number of points, over the nozzle outlet, and figuring 
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Fig. 5—Small eddy loss for well designed 
passage of expansion 


the theoretical energy that should be discharged, the 
calculations, if suitably integrated, would represent the 
entire energy that a perfect nozzle would give for all 
the air passing through. 

On the other hand, it is also possible to figure the 
amount of energy that actually is represented at each 
unit of area by the air that is given off. The energy 
in one pound of air as actually expanded may be cal- 
culated from the impact and other known conditions. 
Multiplying this energy unit by the amount of dis- 
charged air in the same way as before mentioned, 
would give an expression representing the energy ac- 
tually realized from the chosen unit area of discharge 
in a unit of time. 

Therefore, if the energy actually realized for each 
of the units of nozzle area is suitably integrated, we 
shall have an expression representing the entire amount 
of energy which the nozzle really supplies. The latter 
quantity divided by the theoretical energy will repre- 
sent the nozzle efficiency. Also, for any unit area the 
efficiency of that particular area may be obtained by 
dividing energy actually supplied by that which it 
should supply. This also makes it possible to indicate 
how efficiency is distributed at various points in the 
nozzle discharge. 

A tube, to receive the impact of the discharged air, 
can be moved across the face of the nozzles by a ma- 
chine, as indicated in Fig. 1. At any point impact 
pressure may be read by a U-tube or other suitable de- 
vice in full view of the operator. The impact tube in 
the figure is held close to the nozzle outlet by a hori- 
zontal arm. A rubber tube connects this to the U-tube 
in the foreground. 

Ordinarily, the impact tube is moved across the face 
of the nozzle in approximately a circumferential direc- 
tion, or in other words, it is fed practically parallel to 
the right-hand and left-hand edges. About thirty-five 
points are selected at which the impact pressure is 
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measured. Approximately thirty traverses are made 
for each nozzle, extending from the peripheral edge to 
the disk edge. 

The tube travel also moves the drum shown at the 
left of the figure, whose motion is twenty times that 
of the impact tube. The impact value for each point 
is marked by hand on this recording drum. When the 
tube passes over a nozzle partition, a dip in this pres- 
sure naturally occurs due to the lessening of the flow 
by this partition. 

The traverses that would be obtained for an inefficient 
type of nozzle are shown in Fig. 2. Templets are here 
set up, representing the curves actually plotted in tra- 
versing a number of points in a circumferential direc- 
tion. The threads show the impact velocities that 
should occur in a perfect nozzle. Large dips or valleys 
in these traverses show loss due to nozzle partitions 
and eddies at the edges of the nozzles. 

With an efficient type of nozzle, Fig. 3, the valleys or 
depressions are better filled out and, what is more im- 
portant, the maximum impact values are realized quite 
uniformly, as indicated by the comparatively straight 
edges at the tops of the templets. 

The distribution of efficiency in a nozzle that contains 
appreciable loss is shown in Fig. 4. Each traverse is 
integrated, from which the air flow corresponding to 
the unit area that it represents may be calculated. Both 
the perfect energy and the actual energy points are 
then figured. For each traverse, two points are there- 
fore plotted, one representing 100 per cent energy for 
the same mass of air as discharged by a perfect nozzle, 
and the lower point, the actual energy given off by the 
air as discharged. 

The values for each traverse are plotted so as to rep- 


Fig. 6—Eddies and backward flow indicated by cast 
of inefficient nozzle 


Sniral eddy at left accounts for low traverse in background 
of Fig. 2. 


resent its actual position over the nozzle. Thus the 
traverse at the left of the nozzle is plotted at the left 
in Fig. 4, where its values appear. The traverse next 
toward the right has its values plotted at a distance 
representing its radial displacement from the first. The 
total efficiency by this test is 82.9 per cent. 

A nozzle curve with 96.6 per cent efficiency, which 


represents 13 per cent gain over the first one, is illus- 


trated in Fig. 5, and its traverses are shown in Fig. 3. 
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There are two ways by which these results may be 
checked. The nozzle group may be tested with steam 
in a reaction machine and its efficiency thus determined, 
or the causes of loss, such as eddies and incorrect flow, 
may be indicated by a method of determining and re- 
cording actual flow directions on the interior surfaces 
of the nozzle. 


Thus in Fig. 6 is indicated the actual flow for an 


Fig. 7—Well distributed flow characteristics of 
efficient nozzle passage 


The improved flow checks with traverses Fig. 3 and loss dia- 
gram Fig. 5. 


inefficient nozzle, showing clearly the undesirable ed- 
dies that take place. The spiral eddy at the left is 
toward the blade tip and accounts for the low traverse 
in the background of Fig. 2. These are obtained by 
coating the interior surface with neatsfoot oil and 
graphite and then blowing the air through for a short 
time interval, which tends to produce lines in this coat- 
ing, giving the direction of flow on the interior surfaces. 
Plaster of paris is then poured into the nozzle which, 
after it hardens, gives a permanent record of surface 
flow. The cast for an efficient nozzle, Fig. 7, indicates 
the more uniform flow and explains largely the better 
results obtained, as in Figs. 3 and 5. 

By means of recording flow lines it has been found 
that steam in making a right-angle bend gives greatest 
loss with rounded corners. Square corners are slightly 
better, but when blades are introduced to assist in turn- 
ing the steam around the bend, losses will then be 
lessened to one-sixth of the value with rounded corners. 

With a new feature of design it is no longer neces- 
sary to follow a “hunch,” but instead a model can be 
constructed and tested within a week, and in almost all 
cases a definite answer can be given as to how much 
gain or loss will be caused by the change. 

In conclusion, although all of the foregoing may 
sound very simple and straightforward, it would be well 
to point out that a few isolated experiments are mis- 
leading and dangerous. For instance, nozzle and bucket 
actions are so interrelated that tests of either element 
alone may lead to wrong conclusions. Therefore, a back- 
ground of all the previous work, including tests of 
eleven hundred models, must be freely drawn upon in 
order to design models for test, as well as to interpret 
test results correctly. 
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Operating Men 


of Forty Years Ago 
and of Today 


N WRITING for Power, one cannot be too careful 

with one’s statements of fact; therefore, I trust 

that I may not be considered harsh in discussing, 
as I do, a past generation of operating men and that it 
will not be said that I speak of the departed as I would 
not if they were still here. I myself am of that pioneer 
race and can see them in their true light and respect 
them for their courage and resourcefulness in conquer- 
ing, with their bare hands, the many new problems that 
arose while the art of central-station lighting was being 
developed. 

It is thirty-nine years since I carelessly stumbled 
into the electric-lighting business in Chicago. If I had 
known anything about that business, I would have been 
more watchful of my step; but it was so easy and so 
convincing to figure that if the station had two hundred 
arc lamps, bringing in one hundred dollars each night, 
the business would pay for itself the first year and 
would make the owners rich the second year; and so I 
got in and never have succeeded in getting out. I have 
watched the changes come and go. 


EQUIPMENT OF EARLY STATIONS 


The earliest central stations were series are plants 
which were built by the men who operated them. I 
almost said “designed and built,” but that would be 
incorrect. There were no designs. A tubular boiler 
and a high-speed engine belted to a dynamo or two 
located in some basement or back alley shed, to- 
gether with two or three circuits running about 
the vicinity, stringing through customers’ premises and 
lamps and, to save wire, returning by any shorter 
route to the station—this constituted a “central-station 
electric-light plant.” 

In locations where it was permissible the wires were 
run as a pole line through streets and alleys—some- 
times on a crossarm, sometimes on one or more side 
brackets spiked to the pole. In metropolitan business 
districts the lines were carried across streets in pipes 
driven through the ground from one side to the other, 
and then under sidewalks, through basements, along 
building walls or over roofs. The perfect nonchalance 
with which linemen would deface pressed brick building 
fronts by drilling and plugging to attach blocks and 
brackets to carry the wires was matched only by their 
sublime trust that Providence would protect the public 
from their high-tension wires, strung through low- 
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ceilinged basements, and their lamps hung within easy 
reach. In the days of wire with ‘“Undertaker’s” 
insulation, the electrocuted were the victims of their 
own carelessness. Claim agents, therefore, were un- 
necessary. 

In these days we are occasionally taken aback by 
some enthusiastic applicant for employment, who, with- 
out any particular groundwork of education or experi- 
ence, calmly asks for a position where he “can learn 
the business from the ground up.” If such a person 
could get into the organization and really qualify, he 
would stand a good chance of becoming president, but 
in the old days we all came in with that ambition and 
with no other qualification. 


OPERATING MAN HAD DIVERSIFIED DUTIES 


Formerly, a good handy man would trim lamps and 
help string wire during the afternoon and fire the 
boiler at night, except for the time he might be called 
out shooting trouble, the combination engine and 
dynamo tender doing his own firing the while. 

The efficient solicitor who secured business was not 
above helping to string the wires that were to hook 
up his new customer. Most naturally, too, he made out 
the bills and did the collecting and—the drinking, as 
not the least important of his duties was to spend 
the change across the bar when he collected from the 
saloonkeeper. With a long string of saloons to visit 
(and we usually had them all), it is difficult in these 
later days to comprehend what collection day meant 
to the collector. 

Another duty, which devolved generally upon the 
whole crew, but more particularly upon linemen and 
solicitors, was to fight the rival companies, of which 
usually one or more were threatening the border. At 
times a gentlemen’s agreement would divide the terri- 
tory, but when word would come to the office that the 
rival had “crossed the street,” there would be a call to 
arms, a counter invasion, a cutting of rates and a 
cutting of wires, until a truce or consolidation was 
effected. 

Such were the beginnings, but in a few years, by 
growth and consolidation, the number of lamps on the 
circuits became so great that power plants were built 
having condensing engines belted to shafting, from 
which the dynamos were driven. In the evening, when 
the full load was on, it was an impressive sight to 
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see the whirling shafting and belts and the rows of 
dynamos with their snarling commutators, like caged 
wildcats looking for someone to come within striking 
distance; and below were the throbbing engines, like 
blind giants bound to their task and shaking the 
building with their exertions. Some can enthuse at 
the sight of a storage battery whose ammeters indicate 
a heavy discharge; to others a turbine room, where 
nothing but the governors appear to be in motion, is 
thrilling; but in the arc-light station there was life 
and action and danger on every side. 


CHANGED CONDITIONS BROUGHT ABOUT 
CLASSIFICATION OF DUTIES 


The electric lighting business was now on an estab- 
lished and orderly basis, with its various functions 
subdivided and systematized. There were the firemen 
with their shovels, the engine-room men with their 
oil cans, and the electricians in the dynamo room 
nursing their brushes and hot bearings. Outside were 
the lamp trimmers—young men with step-ladders and 
sprightly steps, walking briskly up and down the 
streets, in and out of stores and basements, putting the 
lamps in order for the night’s run—and linemen, in 
whose heads alone were charted the exact routes of the 
various circuits through conduits, basements and stores, 
and over roofs. 

This was the situation in the later ’80’s. In a little 
over ten years the series arc system of lighting had 
grown from nothing to be an established and commer- 
cially successful business, and those who were in it 
expected to see it continue to grow as it had grown. 
But .a rival, or rather two rival rivals, had been born 
and were now entering the field to contend with the 
established series arc system and with each other for 
the mastery of the business. These rivals were 
the alternating-current system and the low-tension 
three-wire direct-current system. Before their attacks 
the series arc lamps soon began to lose ground. That 
system born in ’76 reached the zenith of its influence 
about ’95 and from that time declined, so that during 
the following ten years practically all of this equipment 
was gathered to its junk dealers. 

Because of the limitations of the insulation used and 
the methods of circuit construction followed, few series 
arc machines were built of more than 100 lamps capac- 
ity. This meant that 50 kw. was the maximum machine 
size and circuit capacity, and this condition imposed a 
method of station construction involving a bewildering 
array of small units and complicated driving equipment. 


EFFECT OF ALTERNATING CURRENT SYSTEMS 


The coming of the alternating-current system and 
the low-tension direct-current system brought with it 
larger generators, direct-connected to their engines. 
This completely changed the appearance of the power 
stations. Gone were the rows of fifty-light dynamos, 
belts, rope drives, jackshafts, and countershafts, clutch 
pulleys and pedestals; gone the switchboard with 
its maze of wires for circuit terminals on the back and 
its puzzle of transfer and coupling cords on its front; 
and as the stations were swept clear of this trash, many 
electricians (?) found their occupation also gone. 
Serene in the belief that ability to fill oil cups, trim 
commutator brushes and plug the switchboard estab- 
lished their standing, if not as mystics or members of 
a professional class, at least as highly skilled work- 
men, they had not noticed the changing world and were 
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now more at sea with the new equipment than the 
mechanic’s helper who assisted in its installation. 

In one instance an old arc-light dynamo tender, who 
had been transferred to a position as operator on a 
direct-current switchboard, observing that the greater 
the number of coils in the field rheostat he cut out, the 
higher his voltage went, asked to have a few more coils 
added, as he needed more leeway in his pressure. 

With its larger direct-connected units the new sys- 
tem at once simplified the engine room and_ vastly 
increased the output per employee, and as labor costs 
went down and the price of coal went up, the fuel cost 
became more important. Then the duty of the power- 
house designer and power-house superintendent became 
largely one of increasing the fuel economy. Better and 
larger boilers, higher pressures, automatic stokers, and 
all the other accessories that are so commonplace now, 
were scarcely dreamed of in the early ’90’s, the opera- 
tion and maintenance of which justifies the highest type 
of intelligence, special education anc training. 


SPECIALISTS NOW REQUIRED IN THE OPERATING 
DEPARTMENTS 


Of course, with the coming of the steam turbine 
twenty years ago, the old world passed away and higher 
skill and higher specialization became imperative and 
is now sought out and paid for. A good boiler-room 
engineer now is paid as much as a general superin- 
tendent was then, and a fireman more than an old-time 
chief engineer. 

The old-time operating man, often as a single indi- 
vidual, supervised or was in touch with all the details 
of all the various functions of the business. Now 
those functions, each vastly increased in importance 
and detail and as numerous as the various classes of 
equipment within and without the power house, have 
each its specialist or corps of specialists in charge, each 
knowing thoroughly his particular duties, but knowing 
little else. 

In a large organization the man aloft, setting the 
trips on the coal conveyor, has little to do with those 
who unload the coal or with the fireman at the lower 
end of the coal spout. The turbine operator gets his 
energy from a steam pipe coming through the wall on 
one side of the turbine room, and that energy, as trans- 
formed, goes out on an electric cable through the wall 
on the other side. What or who is at the other end 
of the pipe or of the cable concerns him little. The 
switchboard operator, isolated and inclosed by four 
paneled walls, is conscious that he sits on the pinnacle 
of importance. What he does not know about thing. 
outside of his cell would make a handbook of usefu! 
information on power-house design and operation. And 
there is the load dispatcher or system operator, who 
pretends to carry inside of a No. 8 hatband all the 
really useful information that is needed by anyone. 
He considers it significant that the president and the 
lesser luminaries go home at night, leaving nim to 
run the company sixteen hours a day. He only wonders 
why they spend so much time around the office when he 
is on the job. 

I might go on up with this review, but prudence 
dictates that I do not carry it too high. I will there- 
fore close it, with the frank admission that I have the 
profoundest respect for the wisdom, knowledge, skill 
and general efficiency of those present-day operating 
men who started to learn the central-station business 
thirty to forty years ago. 
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Specific Speed, Its Meaning and Use as 
Applied to Hydraulic Turbines 


Specific Speed as a Guide to Classification of Hydraulic Turbines—Effects of a 
Change of Load and: Head on Specific Speed—Why High Specific 
Speed Turbines Are Used on Low Heads and Low Specific 
Speed Runners Are Used on High Heads 


By R. T. LIVINGSTON 


Mechanical Engineering Department, Columbia University, New York City 
Te: term specific speed is used in engineering as when operating under one foot working head,” and its 


the guide to the type of a hydraulic turbine. value is given by the formula, 


Thus we may have a turbine spoken of as having 
a specific speed of 30, 80 or 105, as the case may be. iia 
To those acquainted with the meaning of the term, a 
picture of the turbine is formed in their minds as soon 


in which Ns is the specific speed, N the revolutions 


Figs. 1 to 3—Cross-sections of Francis-type turbines 
having different specific speeds 


as the value of specific speed is given, but to the man 
not so thoroughly familiar with hydraulic-turbine prac- 
tice this value means little or nothing, and to him a 
little explanation would not be amiss. A cross-section 
of a Francis type turbine of specific speed 20 would 
appear about as shown in Fig. 1, of 80 as in Fig. 2, 
and of 105 as in Fig. 3. With these changes in specific 
speed, in turbines of the same diameter, for example, 
come changes in the height of gate space, in the inlet 
and outlet angles and, in fact, the whole construction 
of the runner changes. The guide vanes, the casing, 
the draft tube and even to some extent the material 
of which the runner is made change. 


- TERM SPECIFIC SPEED WIDELY USED 


The use of the term specific speed not only gives an 
immediate idea of the general features of a runner, but 
to some extent the installation and its value are vouched 
for by its widespread and general use throughout the 
turbine field. Its advantages are such that this method 
of rating machines has spread to other fields; in centrif- 
ugal pump practice, for example, it is daily becoming 
more common, while in the fields of centrifugal fans it 
is not unknown, though in a greatly modified form. 

Specific speed, “unit speed,” or “type characteristic,” 
as the term is sometimes called, is defined as “that speed 
at which a runner would operate if reduced geometri- 
cally to such a size that it would produce one horsepower 


per minute, HP the rated horsepower of the machine, 
and H the rated head in feet. 

Note: When the head is expressed in meters and 
the power in metric horsepower, as is frequently done, 
the specific speed is 4.45 times as great as when the 
English units are used as in the formula. 


RUNNER REDUCED GEOMETRICALLY 


When it is said “reduced geometrically” it is meant 
that the whole runner is reduced in size by the same 
proportion, exactly as if it were photographed down. 
Thus, if the diameter is reduced to one-half its original 
length, all other lineal dimensions must be reduced to 


Fig. 4—Impulse, or Pelton type, waterwheel 


one-half and all areas to one-fourth the original size. 
In consequence the weight would be reduced to one- 
eighth. The angles, however, would remain unchanged. 

While not generally understood, it must be realized 
that in order to use specific speed as a true guide to the 
type of the turbine it must be taken at rated head, 
horsepower and speed, which in turn should be taken 
at maximum efficiency. However, it is the accepted 
practice by manufacturers to base the specific speed. of 
their turbine on the normal rating of the machina 


“is 
| YY Ns = 21.3 
Da Fig! 
Z 
| Ns =60 
oll 
3 Gry LO) SS 
6 
ae, 
6) 
ok Ne 
| 
AN 
: { — — = 
et 
mot 


December 2, 1924 


From the formula it is apparent that a change in any 
one of the factors—speed, horsepower or head—will 
change the value of the specific speed. Hence, in order 
to have a basis for comparison between various tur- 
bines, it is necessary that specific speed be measured 
at some definite point, the same point on all turbines. 
It would seem that the point of maximum efficiency was 
the most logical and, in fact, the point where a com- 
parison between turbines on this basis would be correct. 

The question may well be asked, why a varying 
quantity was adopted as a standard and why, when a 
turbine is designed for a certain specific speed, it does 
not always remain at that specific speed? Other factors 
have been considered as a basis of comparison, such as 
the ratio between the peripheral speed of the inlet edge 
of the runner and the theoretical spouting velocity of 
water (spoken of as ®) and the ratio between the 
height of the gate space and the diameter of the turbine 


(called 5) but neither of these two quantities takes 
into account all three of the most essential items, the 
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of specific speeds, a properly designed unit develops its 
best efficiency at or near its rated specific speed, and 
any change from this is obtained at a sacrifice in effi- 
ciency and in extreme cases a loss in power. For 
example, if a given wheel, rated at 10,000 hp., is 
designed to operate under a head of 60 ft. at a specific 
speed of 60, its normal speed will be about 100 r.p.m. 
If the head is reduced to 55 ft. and the speed and 
horsepower are kept constant, the specific speed will 
increase to 66. This is the same as holding the head 
constant on the wheel and increasing the speed. Either 
one will result in a decrease in efficiency. 

A similar condition is inherent in the operation of 
almost all turbines, since they generally operate at 
constant head and speed but the load varies. In the 
foregoing problem the normal load on the unit is 
10,000 hp. If the load is reduced to 5,000 hp., then 
the specific speed at this load is about 42. If the 
turbine is overloaded, the specific speed is increased. 
All these changes from normal in the operation of a 
turbine that is properly designed are reflected in a 


Fig. 5—Turbine runner rated at Fig. 6—Turbine runner rated at Fig. 7—Turbine runner rated at 


55,000 hp. at 187.5 r.p.m. under a 24,000 hp. at 100 r.p.m. under a 70-ft. 2,200 hp. at 80 r.p.m. under a 13-ft. 


305-ft. head; specific speed, 35 


head, the horsepower and the speed. Hence, they are 
not so good a guide to the turbine as specific speed. 

Hydraulic-turbine engineers have adopted “specific 
speed” as a “rating” of the turbine, and while the 
rating remains the same, that which the turbine was 
designed for, yet the actual developed specific speed will 
vary from zero at zero r.p.m. and zero efficiency to 
the rated specific speed at rated speed and horsepower 
and then on to a maximum value at runaway speed 
where the efficiency again returns to zero. 

A turbine may produce the same specific speed at a 
number of different positions of the gate for the same 
head, but in such cases both the horsepower and the 
speed will vary. When the product of the square root 
of the horsepower and the revolutions remain constant, 
the specific speed remains constant, that is, of course, 
when the head is kept constant. On the other hand, if 
all three factors are allowed to vary, the wheel will 
produce the same specific speed at an infinite number 
of different heads, but it must be remembered that the 
revolutions per minute and the horsepower must vary in 
such a manner that the product of the two to the proper 
powers will always remain the same. 

While it is true that any turbine, no matter what its 
rated specific speed may be, will develop a wide range 


head; specific speed, 80 


head; specific speed, 152 


decrease in efficiency. The loss in efficiency is impor- 
tant, but the tendency to cause corrosion of the runners 
when normal conditions are disturbed also cannot be 
overlooked. 

When a turbine is properly designed and is oper- 
ating at its normal specific speed, the water flows 
through it in smooth streams. A change in specific 
speed, due to either a change in load, speed, or head, 
tends to disturb the flow through the runner and 
cause corrosion in places where the water leaves the 
surfaces of the buckets and creates a vacuum. In 
these voids oxygen is liberated, which attacks the 
metal. It should not be understood from this that oper- 
ating a turbine at other than its normal condition is 
the only thing that causes corrosion. There are a 
number of other factors that have an important bear- 
ing on the problem, but are beyond the scope of this 
discussion. 

The specific speed of hydraulic turbines varies with 
the type. Contrary to what might be expected, the 
Pelton type of wheel, Fig. 4, which is used on high 
heads, has the lowest speed. In so far as the spouting 
velocity of the water is concerned, this type should have 
the highest speed of any type of waterwheel. As can 
be seen from the figure, only a small part of the wheel’s 


ie. 
= 
~ 
f 


882 


periphery at any one time is affecting the production 
of power, whereas in the Francis type the whole wheel 
is used. As a result, when comparing the two wheels 
for a given horsepower output, the diameter of the 
Pelton wheel becomes so large that its speed must be 
reduced to maintain about the same water velocities in 
the two wheels, which range from 60 to 75 per cent of 
the spouting velocity, whereas the rim velocity of the 
Pelton or impulse wheel is 50 per cent of the spouting 
velocity compared to 60 to 90 per cent for the Francis 
or reaction type. 

This inherently slow speed of the Pelton wheel gives 
it a specific-speed range of 5 and less. With the 
Francis type of wheel the specific speed range is from 
about 10 to about 110 in general practice, although 
there are records of runners of the Francis type being 
developed for a specific speed of 176.5. For specific 
speeds above 100 the so-called propeller class of turbine, 
Fig. 7, of which there are a number of different types, 
is coming into wide use. This type has been developed 
for specific speeds of 235 and higher, although 140 
to 160 is a quite common range in which good working 
efficiencies are obtained. 


COMPARISON OF LOW- AND HIGH-HEAD WHEELS 


In comparing Fig. 5 with Fig. 7, it will be seen that 
the high-head wheel has a low specific speed and the 
low-head wheel has a high specific speed. If the spout- 
ing velocity of the water is considered, it would natur- 
ally be expected that the high-head wheel would have a 
higher specific speed than the low-head wheel. Here 
specific speed should not be confused with the actual 
r.p.m. of the turbines. A high-head wheel always 
operates at a greater number of revolutions per minute 
than a low-head wheel of the same capacity. However, 
if both runners are reduced in size to where they would 
each develop one horsepower under one-foot head, it 
would be found that the model of the low-head runner 
would operate at a much higher speed than that of 
the high-head runner. The problem simply comes down 
to choosing the highest speed runner that will give 
satisfactory operation for the low-head plant and select- 
ing for the high-head plant a runner that will operate 
at a reasonable speed and have other satisfactory 
operating characteristics. 

According to the laws for a hydraulic turbine runner 
the horsepower varies as the three-halves power of 
the head, and the speed as the square root of the heads. 
As an illustration of how this works out, take the case 
of a 566-hp. wheel operating under a 30-ft. head at 
150 r.p.m. If it were possible to use this wheel 
under a 600-ft. head, it would have a speed equal to 
30: \/600 : : 150: 2, or 670 r.p.m., and the horse- 
power rating will be 30!: 600:: : 566: 2, or 50,000. 
For the low head the wheel represents a fair standard 
practice for small Francis wheels and has a specific 
speed of about 50. However, when this wheel is 
applied to high heads its speed is excessive and its 
horsepower goes beyond any reasonable value for the 
design of runner and cannot be used. Therefore a 
design having a lower speed will have to be used or, in 
other words, a runner having a lower specific speed 
must be used for the high-head turbine. 

This problem brings out clearly the significance of 
specific speed in turbine design. Considering the horse- 
power and speed of the two wheels as given in the 
foregoing, the speed of the high-head machine would 
indicate that it was a much higher speed design than 


POWER 


"Vol. 60, No. 23 


the low-head machine. However, when they are oper- 
ated under the same head, they are one and the same 
machine and are of a medium-speed design. It is 
evident from this that before any conclusions can be 
formed about the speed of a hydraulic turbine in rela- 
tion to the head under which it is to operate, the specific 
speed of the runner must be determined to get a fair 
comparison with other units. 


The Heating System of the 


Power Plant 
By EDWIN C. WARFIELD 


This article covers briefly a feature of the modern 
power plant that receives little attention—the heating 
system. The importance of giving this matter early 
consideration in the design of the plant may well be 
considered when it is realized that winter usually finds 
the building erected and under roof with the turbines, 
auxiliaries and piping not yet in place. At this period 
the heating system should be installed—not a makeshift 
arrangement but the finished product with the excep- 
tion of the equipment adjacent to the main point of 
supply, which, it will be seen later, cannot:be installed 
until the station is complete. Temporary connections 
may be made to a small boiler, a hoisting-engine boiler 
usually being most convenient. 


Two-PIPE Up-FEED SYSTEM GENERALLY BEST 


It is usually best to install a two-pipe up-feed steam 
system. The entire supply riser system will then drip 
back ‘nto the supply main. All riser connections will 
be taken off the top of the main. Should it be neces- 
sary to place radiators below the supply main, the 
down-feed risers supplying them will be so short that it 
will not be necessary to drip them. Expansion in the 
piping must be cared for by suitable swing connections 
and expansion bends. The return main will be run 
below the ground floor, if practical; otherwise, it will 
be run above the floor with trenches at the doors, and 
the radiators hung to the wall at a height that will 
permit plenty of room for connection to the return 
main at its highest point. All pockets in the return 
main will be bypassed with an air line and all pockets 
in the steam main suitably dripped. : 

Direct cast-iron radiation with the supply at the 
upper corner and the eccentric bushed return at the 
lower opposite corner of the radiator will be used. 
Supply valves are preferably of the packless type and 
return valves of the thermostatic type. The steam 
pressure should be between five and ten pounds, and 
on this basis a pressure drop of one pound to the 
farthest radiator may be safely allowed. The return 
piping should be sized and laid out for a gravity system 
if possible and no lift fittings used. As a return pump, 
an electrically driven centrifugal with automatic float 
control is best. Several of these pumps are now on 
the market with the added feature of being capable of 
maintaining a vacuum in the return line. 

Probably the most economical point of attachment for 
the steam supply is to bleed the main turbine at about 
60 lb. gage pressure (full load) and use a reducing 
valve to obtain 8 'b. pressure on the supply line. This 
point of bleeding should be sufficiently high so that at 
minimum turbine load there is no danger of the pres- 
sure falling below 8 lb. at the point of bleeding. Ex- 
haust steam from the station auxiliaries may be utilized 
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tf there is an excess of it available above feed-water 
heating requirements. An auxiliary connection should 
also be taken from the boiler drums, so that the system 
may be kept in operation even though the main turbine 
is not running. 

It may be mentioned here that a saturated steam 
header is usually advisable in any station and the con- 
nections as described will serve both the heating sys- 
tem and the steam header. A reducing valve will 
necessarily be installed in the boiler-drum connection, 
and if the turbine or drum steam contains more than 
30-deg. of superheat after reduction, a desuperheater 
should also be installed. At some point in the main 
supply line to the heating system there should be a 
safety valve in the form of a U-loop. 
This form of valve never sticks and 
is positive in its action. 

The question of bleeding the main 
units should always be taken up with 
the turbine manufacturers, as there 
are, of course, cases in which such 
practice would not be economical. 


Main tyrone 
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a holder containing pipe coils through which steam 
circulates. By means of a motor-driven fan outside 
air is forced around the pipe coils and into the building. 
The steam in the coils is condensed and imparts its 
latent heat to the air. The unit scheme, as described, 
will mean larger steam piping but less of it than is 
necessary for cast-iron radiators, since the number of 
air heaters will be small compared with the number of 
radiators necessary to heat the same building. Very 
little duct work is necessary with the unit scheme, and 
it has the possibility of being available as a mechanical 
ventilating system in the summer time. Its disadvan- 
tages are that the heaters take up floor space or, if 
suspended, require a steel framework support, and 


_--Connection from boiler arvins 


-Reducing valve (boiler press to 8lb) 


The factors affecting this matter are 
the quantity of low-pressure steam 
required, the size and design of main 
turbines and the quantity of low- 
pressure steam available from the 
exhaust of the auxiliaries, or other 
sources, 

The condensate from the heating 
system is pure water, and after the 
first two weeks of operation, when 
the rust, scale and sand in the radia- 
tors and piping are being carried off, 
it will be suitable for boiler feed. A 

strainer should be provided in the re- 
turn line before reaching the vacuum pump, and there 
should be a bypass to the sump or other convenient place 
of disposal. The returns may enter the main condensate 
system at some point near their own temperature and at 
a pressure not exceeding 10 Ib. gage. If an open feed- 
water heater is employed, it will usually be found the best 
place. In some cases the receiver drip from a high- 
heat-level condenser may be found best. While it is 
possible to enter the main condensate system at a 
point below atmospheric pressure, such as a bleeder 
heater or the main condenser hotwell, such practice is 
not to be recommended, since any leakage in the heat- 
ing system might affect the vacuum of the main units. 

It may be mentioned here that hot air can be em- 
ployed to heat the plant by using an air heater in the 
breeching somewhat similar to the usual economizer 
and by deflecting into the building a portion of the air 
used for cooling the generators. However, this method 
is not generally employed owing to the fact that as far 
as the breeching is concerned any restriction in the 
path of the waste gases places an added load on the 
draft fan or on the stack, and another objection is that 
the station is usually so filled with piping that there 
is little room for the necessary duct work to distribute 
the hot air. Furthermore, the heat distributed by such 
a system is directly proportional to the station load, 
which is the reverse of the ideal condition. Such a 
system is, moreover, not available during the construc- 
tion period. 

Another scheme of heating, which has proved very 
successful for industrial plants but has been little used 
in power plants, is the unit heater, which is essentially 


Auxilary exhaust 
Steam in excess of 
feed water 
requirements -- -. 


x To other plant equip- 
“Reducing valve To atmosphere: ment 
Sib. Therrnometer 
--8/b. f 
—Pressure ga 
+ x 
Saturated steam header~ Plugged avai/-, 
at 8lb. pressure able future 
extension 
‘Desuperheater /f steam contains 
more than S0°F superheat 
‘Heating | 
\system | 
U Loop discharge at gage = 
Return pump. 
Strauner, : 
+ 
/ 
Jo point 11 main condensate system at 
(50°F to 250°F. and Ib to pressure 


Typical Diagram of Connections 


secondly, in most cases both the initial and operating 
costs will be greater than the cost of a direct-radiation 
system. 

In plants where mechanical ventilation in summer is 
an important item, the unit heaters deserve considera- 
tion. A combination of direct radiation and unit 
heaters may be often used to advantage. 


According to W. H. Patchell, president of the Insti- 
tution of Mechanical Engineers, the present electricity 
supply of England is handled in 335 localities by the 
local authorities and in 225 by the private companies, 
giving a total of 560 systems. During the war a coal- 
conservation investigating commission found that the 
railways and electric authorities were large users of 
fuel. The stations used up to six pounds per kilowatt- 
hour, and the commission recommended that many of 
these be scrapped and also that the number of electrical 
supply areas be reduced from 560 to 16 for the United 
Kingdom. At the same time the commission recom- 
mended that 20,000,000 pounds sterling should be raised 
by the government for better plants. This plank had 
the strong support of the labor party because it 
promised work. 


If, as seems to be definitely established, the total 
heat of steam decreases after a certain pressure 
(around 500 Ib.) is passed, throttling of dry saturated 
steam from very high pressures will result in wet 
steam, provided the throttling process is stopped before 
the pressure falls too low. 
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Air Preheaters and Their Application 


and operated in an installation some forty-two 
years ago and in special applications such as for 
the elimination of smoke, etc., preheated air has been 
more or less used, it is only recently that the recovery 
of heat from the stack gases in stationary practice by 
this method has become widely recognized as commer- 
cially justifiable. A comparatively few plants are now 
utilizing air preheaters, while many more have either 
ordered units of this character or are considering their 
installation, both in connection with and without econ- 
omizers. Preheating, however, has been extensively 
used abroad, although under conditions hardly compar- 
able with American practice. 
Besides the apparent advantage of utilizing heat 
otherwise wasted, a number of conditions are involved 


A and one air preheaters were thoroughly tested 


traveling through the smaller, and the air through the 
space between the inner and the outer tubes. An 
improved preheater consisted of 2-in. tubes for passing 
the furnace gases and contained vertical baffles to force 
the air in diagonal directions through the tube bank. 
This latter arrangement was found to cost less and 
yield better results than the former. 

Preheaters represent from one-half to twice the 
boiler-heating surface. They are at present limited in 
temperature of the heated air to about 450 deg. F. 
With pulverized fuel this may be exceeded, the actual 
temperature depending on the amount that is commer- 
cially justified. 

Along with the gains due to the recovery of heat from 
the stack gases, there is a secondary gain ordinarily 
realized due to better combustion. Unconsumed carbon 
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Fig. 1—Element with sheet 
spacers for Fig. 2 


when air is thus preheated, some of which are particu- 
larly significant in view of recent furnace developments. 

As mentioned in the April 18, 1922, issue, J. C. Hoad- 
ley, at the Pacific Mills, Lawrence, Mass., made exten- 
sive tests on boiler’s equipped with air heaters in 1881 
and 1882. The tests were conducted and written up in 
most thorough manner, which resulted in the conclu- 
sion that 10 to 15 per cent increase in boiler efficiency 
could easily be thus obtained. The elaborate account® 
of tests on Hoadley’s preheaters and those of modern 
construction will give an indication of what may be 
expected from installing a preheater. Thus Hoadley 
increased the over-all efficiency from 68.87 to 81.43 per 
cent, which was a rise of 81.43 — 68.87 = 12.56 per 


cent, or a net gain of es 18.2 per cent. 

The first preheater Hoadley built consisted of 240 
horizontal 2-in. tubes, 20 ft. long. Each tube was con- 
tained inside of a 3-in. sheet iron tube, the flue gases 


Fig. 2—Connery unit with 
soot hopper 


Fig. 3—Welded element 
with baffles 


in the ash is much reduced by the utilization of warmer 
entering furnace air and the percentage of CO, is in- 
creased. Efficiency of heat transfer is somewhat im- 
proved owing to higher furnace temperature and 
greater absorption of radiant heat. 

On account of the fact that radiant heat which is 
given off by combustion, varies about as the fourth 
power of the absolute furnace temperature, gas leaving 
the grate is heated to a much less extent than the range 
through which the air is preheated. Thus, where a 
comparatively large amount of water-cooled surface is 
exposed, which would especially apply to boiler settings 
containing heat-absorbing surfaces in place of refrac- 
tories, radiant heat would be absorbed to such an extent 
that but little appreciable rise of furnace temperature 
might result. Refractories, on the other hand, give off 
or reflect the heat received also in about the same ratio 
as furnace gases, thus tending to maintain high gas 
temperature. If the furnace air is increased from 70 
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Fig. 4—Some types of preheaters and their principles of construction 
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to 170 deg. F., the furnace temperature might be ex- 
pected ordinarily to rise 10 to 20 deg. An investigation 
in France indicated that the furnace temperature varies 
from one-tenth to one-third of that of the preheated air, 
for the average plant. 

Experiments by M. Roszak, chief engineer of the 
Babcock & Wilcox Company of France, in an article 
on the subject of preheated air, published by the So- 
ciety of Civil Engineers of France, 1923, stated that 
from his experiments grates could be made to utilize 
incoming air successfully at temperatures of 200 to 250 
deg. C., corresponding to 392 and 482 deg. F. He con- 
siders preheaters with the necessary grate construction 
could be utilized at 300 to 400 deg. C., corresponding to 
572 and 752 deg. F. for entering furnace air without 
difficulty. 

In the case of pulverized fuel where grates or stokers 
do not interfere, high air temperatures are possible. 
As water-cooled furnace walls are sometimes utilized 
in such installations, the preheater is well adapted for 
use with pulverized coal for fuel. 

Experiments show that air preheating not only tends 
to raise the efficiency curve of the boiler but also tends 
to make the curve flatter. The combustion space may 
be decreased, especially in the presence of coal high 
in volatile matter which may be better consumed by 
introducing preheated air above the fire. 

Largely on account of the utilization of radiant heat 
and better heat transfer in the region of the furnace, 
air leaving the boiler is ordinarily somewhat lower in 


Fig. 5—Doors for cleaning gas spaces placed between 
air intake and outlet of “Thermix” 


temperature when a preheater is used than without one 
at an equal rating. Engineers are not in agreement 
as to this condition being theoretically justified, but 
many tests show this in practice. Thus for an equal 
temperature of exit boiler gas, a higher CO, percentage 
may be carried; also a higher rating for an equal exit 
temperature. (This refers to gas entering preheater 
flues. ) 
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Coals with high moisture content may be more effi- 
ciently burned, and heat ordinarily escaping may be 
reclaimed and utilized to better advantage. Evapo- 
ration has been increased 40 per cent with wood pulp 
for fuel, by the application of preheating. 

Where higher steam temperatures are encountered, 
a higher temperature of gas leaving the boiler ordi- 
narily results, so that preheaters become more advan- 
tageous. 


Fig. 6—Damopers arranged above “Rotator” unit 


The aforementioned conditions lead to some interest- 
ing sidelights on the preheating of air. An attempt 
to sum these up as in the following paragraphs, may 
constitute a more complete presentation of the subject. 
Statements refer primarily to installations without 
economizers. 

1. Recovery of heat from the stack gases raises the 
boiler efficiency from 4 to 10 per cent ordinarily. 

2. Improvement in combustion may represent a fur- 
ther rise in boiler efficiency. 

3. Difficulty from clinkering may be encountered 
with a coal having a relatively low ash-fusing point, 
as a sufficiently low fusing ash would make preheating 
detrimental. 

4. Temperature of the ‘preheated air is restricted by 
stokers or grates to 400 or 450 deg. F. due probably to 
limited knowledge rather than _ physical reasons. 
but reaches 400 to 550 deg. F. abroad. Special stoker 
designs have been developed to work with preheated air. 

5. Furnace temperature as found abroad is increased 
ordinarily one-tenth to one-third of the range through 
which air is preheated. 

6. Temperature of gases leaving the boiler is usu- 
ally lower with preheated air at a given rating than 
without preheating. 

7. Preheating is particularly adapted to furnaces 
where water- or air-cooled surfaces readily absorb radi- 
ant heat. 

8. Owing to air infiltration into gases before reaching 
the preheater, and to some stack loss being practically 
unavoidable, only 75 to 80 per cent of the stack sas 
heat is ordinarily possible of recovery. 
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9. Owing to infiltration, less air is usually preheated 
than that passed up the stack. 

10. The limit on preheating temperature which stok- 
ers or grates impose is not present with pulverized fuel. 
Other restricting conditions, such as refractories or ash 
fusibility may be present. 

11. The tendency is to raise the efficiency curve of 
the boiler, making operation at higher ratings more 
advantageous. 

12. In many cases the boiler-efficiency curve thus 
becomes flatter. 

13. High volatile coals may be burned to better ad- 
vantage in small furnaces by admitting warm air at 
points above the fuel bed. 

14. Increases capacity of installation 10 to 15 per 
cent, provided temperatures are not detrimental in fur- 
nace. 

15. Makes it possible to carry higher CO, percentage 
at an equal temperature of gas leaving the boiler. 

16. High moisture content of coal involves less rela- 
tive loss with preheated air, especially in the presence 
of ample water- or air-cooled surface, which restricts 
the rise in combustion temperature. 

17. For higher steam temperatures, involving warmer 
stack gas, air preheaters are increasingly desirable. 

18. Favors utilization of cheaper fuels, such as with 
high moisture, volatile or ash. 

19. When highly corrosive stack gases are encoun- 
tered, special provisions against this condition may be 
required in preheaters. 

20. Preheating increases the necessary length of air 
or gas ducts. 

21. Leaks in the furnace or warm air duct may cause 
unpleasant boiler-room conditions and tend to lessen 
the care with which the boiler is operated. Radiation 
from uncovered ducts may prove objectionable. 

22. Where conditions require a fan on the suction 


Fig. 7—Revolving heat exchanger element contains 
corrugated plates partitioned into sectors 


air side, the greater volume of air involves larger fan 
and more power for operation. 

The unit in Fig. 2, an interior element of which is 
shown in Fig. 1, is a welded structure built by the 
Connery Company. The sheets forming partitions are 
prevented from collapsing against each other by means 
of depressions or knobs pressed into the metal, as in 
Fig. 1. Restriction of either the air or gas passages 
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is thus prevented. The elements may be readily taken 
apart, and a variety of forms may be built up suitable 
to the requirements of any special installation. 
Attention was quite generally attracted toward the 
preheating of furnace air when a plate type unit was 
installed at the Colfax Station, a general plan of which 
appears in Fig. 4 at A. A paper read Wefore the 
A.S.M.E. by C. W. E. Clarke, Dec. 6, 1923, described 


Fig. 8—Cast-iron rectangular tube unit at right 
utilized in “Green” preheater srown above 


elaborate tests, in which it was shown that the desired 
windbox temperature of 235 deg. F. was equivalently 
realized, and the efficiency curve both raised and flat- 
tened appreciably as a result. 

The original unit was of riveted and calked construc- 
tion, allowing appreciable air infiltration. As a result 
of the experiment an improved welded type was de- 
veloped by the Combustion Engineering Corp. This 
concern is associated with the Underfeed Stoker Co., 
Ltd., which has for some time produced preheaters 
abroad. Angle-iron baffles are applied, Fig. 3, to pre- 
vent gas or air stratification and secure a uniform rate 
of heat transfer. A modern design appears at B, Fig. 4. 

The “Thermix” type is the outgrowth of many years 
in manufacturing preheaters abroad by the Prat-Daniel 
Corp. In Fig. 5 the furnace flue gases may pass ver- 
tically between thin partitions while the air enters from 
the upper opening and is discharged at the lower. 
Other constructions of course may be utilized, accord- 
ing to the plant requirements. Several forms of gas 
and air flow paths are shown at D, Fig. 4. Air dis- 
tribution is thus arranged by means of special openings 
rather than by complicated baffling. 

The distinguishing feature of this preheater is that 
both riveted and welded joints between plates are 
avoided. The plates are separated by spirals made of 
special steel, the pressure for the joints between the 
plate and the channel separating it from the adjacent 
plate, being supplied by compressing laterally against 
the springs. Thus at C, Fig. 4, are shown a number 
of vertical plates separated by channels and steel spi- 
rals. In order to tighten the joints, the bolts at the 
right are drawn up, compressing the springs as shown 
at EF. These are wound of comparatively heavy wire 
in the neighborhood of *% or | in. diameter at about 
one turn per inch. They are made of special steel. 
The construction here shown places the spirals in the 
partitions occupied by the furnace gas. Other con- 
structions, however, involve the relative location of 
channels, plates and spirals so that the spirals are 
carried in the cooler air spaces only. For very high 
flue-gas temperatures the latter plan is advisable. 


~ 


4 
- { 
‘ 
n 
23 
i- 
ig 
ly 
AS 


888 


Plates composing the preheater are free to move with 
expansion, contraction, etc. Furthermore, such a con- 
struction makes it possible to renew one or more plates 
without dismantling the preheater. On slacking up the 
bolts that control the spiral pressure, as at C, Fig. 4, 
old sheets may be lifted out and new ones inserted. 
Heaters of this type are both installed and in order in 
this country. 

A plate type unit, shown in Fig. 6, contains sheets 
TABLE I—HOWDEN-LJUNGSTROM AIR PREHEATER TEST WITH 
WATER-TUBE BOILER. 


At North Metropolitan estele Power Supply Co., 
Willesden Station. 
Test Without Test With 
Air Preheater Air Preheater 


Ltd., London, 


11/10/23 1/11/23 

Calorific value as fired, B.t.u.................... 10,470 10,850 
Calorifie value net—that 1s, n correc- 

Riddlings—tine coal, Ib..... 183 295 
Coal consumed per sq.ft. grute area pe r hour, lb.. 29.4 28.7 
Average gauge pressure lb. per sq.in.. AoE 189 196 
Superheated steam temperature, deg. “aes 580 587 
leed water average temperature, deg. Bes 108 102 
Temperature of air inlet to fan, deg. f ng ae 64 
Temperature of air leaving pre sheate or, ‘deg. +. Mae 474 
Temperature of flue gases at boiler damper, deg. f. 550 595 
Temperature of flue gases leaving preheater, deg. f. a 269 
Efficiency based on gross calorific value, per cent.. 74.56 84.0 
Coal Saving based on gross calorfie value, per cent 1.2 
Efficiency based on lower calorific value, per cent. . 77.7 88.1 


Coal saving based on lower calorific value, per cent. 


that are diagonally crimped as indicated at J, in Fig. 4. 
A feature is that the through bolts are hollow, so that 
they may be utilized for cleaning the interior by means 
of steam jets. This is built by the Rotator Maschinen- 
fabrik und Apparatebau, of Germany. A number of 
units may be utilized, so that the complete installation 


Fig. 9—Tubular units under construction by the 
Buffalo Forge Company 


conforms to the desired shape. 
signed by Eugene Haber. 
Frederick Ljungstrom, of Sweden, has developed a 
novel type of air preheater as an accessory to his tur- 
bine-driven locomotive. On account of the low heat 
exchange in tubes near the locomotive stack, the heating 
surface of the boiler here was reduced, making the 
preheater a logical step. The final result of the ex- 
periments was the evolution of a heat exchanger, as 
shown at F in Fig. 4. The summary of a test appears 
in Tabie 
Instead of transferring heat through sheets or tubes, 


This system was de- 
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heat is here absorbed by slowly revolving corrugated. 
plates, which then travel into the path of the air ta 
be preheated. Heat is thus taken up from the escaping 
stack gases, whose path is indicated in the left of the 
figure, and is given up to the downward traveling air 
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Fig. 10—One type of the Babcock & Wilcox Company 


' 
Gas inlet 


Plate is bent to form 
an angle tor riveting 


Plates of casing have edges bent to form angles for 
riveting, with stiffening bars or plates sometimes added. 


through which the heated element passes, so that it is 
actually exchanged instead of being transferred through 
metal partitions. 

The rotating element is illustrated in Fig. 7. Corru- 
gated sheets, placed concentrically, are divided by par- 
titions into sectors. The upper radial arms shown in 
the figure indicate the sectors into which the heat- 
transferring surface is divided. Each radial arm is 
equipped with a packing piece which maintains close 
clearance to the flat stationary plate which is placed 
above it in the preheater. Similar close clearances are 
provided below. 

Leakage of air into the flue-gas chamber is restricted 
by the close clearances with which each radial sector 
is equipped, although a small amount of air is neces- 
sarily carried into the gas chamber by the revolution 
of the drum, and also a small amount of warm gas may 
be carried into the air chamber on account of being 
entrained in the corrugated rotating elements. Most 
of these leakages are of negligible magnitude since the 
gases travel approximately 800 ft. per min., while the 
drum moves at four revolutions per minute. Below the 
drum is a radial pipe with nozzles, which may be uti- 
lized for cleaning the rotating element by means of 
steam jets when required. 

The forcea-araft fan and tne induced-draft far vcoth 
operate on the same shaft. To this shaft is beited a 
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device for driving the rotating drum. The fans may 
be so proportioned that a balanced draft is maintained 
in the furnace under all conditions. The fans are ordi- 
narily designed individually for each installation, and 
also contain adjustments whereby the angle of the vane 
may be altered to suit the local conditions that prevail. 

A large amount of heat-exchanging surface may be 
maintained in a comparatively small space, and the 
necessity for a large number of welded, riveted or other- 
wise tightened joints is obviated. The separation of 
the corrugations into sectors does not require a high 
degree of tightness. The rotating element contains no 
internal bearings or shafts exposed to hot gases, but 
rests on externally mounted rollers which are sur- 
rounded by the fresh air and are accessible from the 
outside. 

A tubular unit where steam does the preheating, 
shown at G, Fig. 4, is described in the Aug. 1, 1924, 
issue of The Engineer (London). This type, the “Wel- 
dex,” is manufactured by the Victoria Tube Co., Ltd., 
of England. It is of welded tubular construction, the 
distinguishing feature being small gooseneck pipes, 
forming expansion joints between the inlet manifold 
and the large heating tubes, as at H. A unit is made 
up of several elements, each of which consists of a 
single row of heating tubes. 

Cast iron composes the unit in Fig. 8, manufactured 
by E. Green & Son, of Wakefield, England. On account 
of anti-corrosion properties, this is in some instances 
preferable to rolled metal. A number of elements, such 
as that shown at the lower right-hand corner, each 
consisting of four rectangular tubes, may be grouped 
in a number of ways in order to give the desired form 
of air preheater. A flat type is illustrated, in which 
the gases enter at the left, make one pass upward 
around the tubes and then another pass downward at 
the right. The air is supplied at the left, through the 
interior and the rectangular tubes, and also from the 
right-hand side, leaving from the middle. 

The four tubes are cast in one piece with a flange 
10x53-in. at each end, being 24 in. long, 4 in. deep, 1 in. 
wide and 1 in. apart. A complete element contains 
93 sq.ft. of external and 8.3 sq.ft. of internal heating 
surface. A converging mouthpiece is supplied at the 
entering end, outside of each tube in order to prevent 
undue eddies of the air. The flanged elements are 
machined or ground, and the intermediate pairs are 
bolted together. Each element weighs 80 lb., and its 
volume is approximately one cubic foot. 

A number of tests indicate that the heat transmitted 
per square foot of heating surface per hour per degree 
difference in temperature, between gas and air, varies 
from 1.8 B.t.u. for an air velocity of 1,000 ft. per 
minute, to 3.3 for an air velocity of 2,500 ft. per 
minute. 

Cleaning can be done from the outside with steam 
or compressed-air pipes, by means of jets which may 
sweep the entire surface. 

The tubular preheater, Fig. 9, is under construction 
by the Buffalo Forge Co., which has installed three 
tubular units at the Crawford Avenue Station of the 
Commonwealth Edison Co. Each contains approxi- 
mately 10,000 sq.ft. of heating surface in the form of 
3-in. boiler tubes 14 ft. long. The flue gases entering 
from the economizer pass vertically upward through 
the tubes and to the induced-draft fan, while the air 
taken from inside the building passes around the tubes 
with suitable baffles to direct its flow, entering at top 
and leaving at the bottom, being drawn through the 
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preheater by the forced-draft fans, from which it is 
delivered to the windboxes. 

The preheater casings on this installation are }-in. 
plate, made up in panels with angle-iron framing, so 
that through bolts can be used for connecting the 
panels. The lower chamber has a hopper bottom for 
draining the water used in cleaning the tubes. 

Based on the entering flue gases having a tempera- 
ture of 325 deg. F. and a volume at this temperature of 
76,000 cu.ft. per min., each preheater will heat the 
volume of air required for the same boiler through a 
temperature range of about 72 deg., or a heat trans- 
mission of 3,900,000 B.t.u. per minute. 

The Commonwealth Edison Co. has found that any 
accumulation of soot in the tubes may be removed by a 
water jet, and the vertical tube arrangement is intended 
to facilitate this. 

Tests on a Babcock & Wilcox tubular unit in the 
Calumet Station appear in the August, 1924, Report of 
the N.E.L.A. Prive Movers Committee. The effective 
TABLE II—GUARANTEED PERFORMANCE OF B. & W. TUBULAR 


PREHEATER AT THE CALUMET STATION 


340 315 


surface is 8,954 sq.ft. made up of 2-in. vertical tubes, 
14 ft. 6 in. long, inside of which the gas passes. The 
guaranteed performance is given in Table II. 

A plate-type unit by the same manufacturer of 9,000 
sq.ft. is installed on another boiler. A representative 
unit of this manufacturer appears in Fig. 10. 

The Green Fuel Economizer Co. manufactures units 
with steel or cast-iron tubes. A special inlet gland at 
the tube sheet provides a graduated inlet, and contains 
an asbestos washer to secure airtightness between tube 
and sheet. 

A preheater wherein bled steam heats the air is 
installed at the Saginaw River Steam Generating 
Plant of the Consumers Power Co. It is of cellular 
copper construction, in three stages, manufactured by 
the American Blower Co. Air passing from the forced 
draft fan will be raised from about 80 deg. F. to 300 
deg. The first stage utilizes drained hot water; the 
second bled steam at about 15 to 20 lb. abs. and the 
third, bled steam at 80 to 100 lb. 

Other manufacturers are developing preheaters which 
will be described when information is available. 


During the heating and cooling processes in the pro- 
duction of steel ingots or forgings, various stresses are 
set up, which may reach a point where fractures occur 
in the material. At the moment when such fractures 
occur, there is generally a severe shock and a ringing 
noise, or “clink.” Where the fracture is entirely within 
the forging, this clink is practically the only method of 
detecting defective forgings. An automatic watchman 
to secure evidence of any such clink is described in the 
November 7 issue of Engineering. According to that 
paper, Messrs. C. A. Parsons & Co., Ltd., in connection 
with the Cambridge Instrument Co., Ltd. have 
developed an instrument called the clink detector, 
which, when attached to a forging during the heating 
and cooling processes, gives an autographic record of 
any shock that occurs. The instrument is sufficiently 
sensitive to record an ordinary hammer blow. 
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Making Electrical-Machinery Tests 


in Industrial Plants 


Reasons for Making Tests—-Examples of Conditions Discovered by Tests— 
Forms on Which to Record Motor-Test Data—Selection of 
Instruments Best Suited to Making Tests 


By J. ELMER HOUSLEY 


Klectrical Engineer, Aluminum Company of America, Alcoa, Tenn. 


operating engineer has found his work to include an 
ever-increasing number of motor drives. In order to 
discover what is going on inside a motor, it is neces- 
sary for the engineer to include a knowledge of electri- 
cal testing instruments in his personal equipment and 
to secure a few well-chosen electrical meters to go along 
with his other metering equipment. 
An electric motor does not give any audible signals 
of distress, and when the visible evidence, smoke, oc- 
curs, it is often too late to save a big repair bill for a 
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new winding. Nor is this the only loss that occurs, 
because the overload that burned out the motor was 
probably taking 25 per cent more power from the line, 
for some time, than the load should require. In the 
mill it does not take many motors carrying unnecessary 
loads to increase the power bill or decrease the coal pile 
greatly. 

Motor troubles can be corrected if they are known 
to exist, and that can be found out only by testing them 
regularly. The cause of the overload may result from 
mechanical friction due to poor bearings in the drives, 
equipment out of alignment, variations in process mate- 
rial being ground or mixed, pump thrust due to suction 
intakes being plugged, using too heavy grease in line- 
shaft bearings in cold weather and many other causes 
that may be found upon investigating the driven ma- 
chinery. 

Many surprising conditions are brought to light by 
means of a motor test, as was in the case of a motor 
drive on a cinder-removal pump operating in connec- 
tion with a sluicing outfit in a large power house. The 


motor oiler reported that this motor was excessively 
hot, and a complete test was immediately made. The 
input to the 75-hp. motor averaged 142, or about 190 
per cent full load. The reason the motor had not burned 
out was that it ran only four times a day for thirty to 
forty-five minutes at a time, and also that the oiler 
reported the motor promptly and it was tested imme- 
diately. To the trouble, it was only necessary to take 
off the guard over the coupling. The coupling on the 
pump shaft had loosened and allowed the pump thrust 
to push the impeller against the case, thus creating a 
friction brake. The pump was an open-impeller belted 


type, and the thrust bearing was on the outside of the 
coupling, 


TESTS ON PUMPS IN PARALLEL 


There are errors of operation in connection with 
centrifugal pumps which may be sufficiently demon- 
strated to the operator only by means of a motor test. 
At one time an operator in charge of a battery of 
evaporators ran two pump units in parallel continu- 
ously, supplying water to the condensers. The pumps 
were designed to operate one at a time in order to 
insure continuity of service. The operator argued that 
more water was being pumped using two pumps and 
that if no more water was being pumped the extra 
motor took an inappreciable amount of power. A 
rough weir was constructed to gage the water from the 
cooling towers, and motor tests were made on single- 
pump operation and also with both pumps in parallel. 
The test showed that with one pump running the water 
was, let us say, 100. With two pumps in operation the 
flow was slightly less than 110, with the input to the 
single pump as 100. The sum of the input loads using 
both pumps was 170, which afforded a chance for a 
nice saving. 

Again, motor tests help in improving the layout of 
equipment that has been designed with lack of accurate 
operating data. In one instance a pumping unit de- 
signed for intermittent operation was installed with a 
160-hp. motor. A batch of fluid was pumped out of 
the suction tank in five minutes and twenty minutes 
elapsed between batches. A motor test showed that the 
motor carried full load for 43 min. and ran at 20 per 
cent load, idle and without fluid in the pump, for 15 
min. Instead of depending on an operator to shut down 
the pump every twenty minutes, it was decided to cut 
down the diameter of the pump impeller as the static 
discharge head was relatively low. One-half inch was 
cut off at a time and a motor test was made after each 
cut. After two cuts the pumping time was increased to 
17 to 18 min. and the idle time to 2 to 3 min., and the 
load was decreased to 40 hp. input. As a result a 40-hp. 
motor was installed. 
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It is a good plan to set a regular time to go over all 
the motors in the plant and test them, usually once 
every six months. However, this will vary according to 
the operating condition under which the equipment 
works. When there are any indications of trouble, 
such as an unusually hot motor, low speed of induction 
motors and either high or low speeds of direct-current 
motors or excessive sparking at the brushes, the motor 
should be tested immediately to find where the trouble 
is located. The figure shows a form that is being used 
for recording motor test data in a large industrial plant. 
Under the headings “V. M.,” “A. M.” and “W. M.” are 
recorded the actual readings of the voltmeter, ammeter 
and wattmeter respectively. In the columns headed 
“Volts” and “Amps.” are recorded the correct volts and 
amperes as obtained by multiplying the meter readings 
by the proper multiplier or correction factor. Column 
“W. M. Corrected” is for use when a correction factor 
is employed to obtain the correct watts from the watt- 
meter reading. 

Occasionally, the tests will show up some defect in the 
motor itself or in the feeder circuits supplying the 
motor. In a later article will be given the details of 
how to identify some of these troubles which are some- 
times difficult to locate. A long experience indicates, 
however, that only about 10 per cent of motor failures 
result from internal defects, the remainder being caused 
from trouble in the driven machinery, and this fact is 
an eloquent tribute to the general reliability of elec- 
trical equipment. 

One subject that is being considered carefully by the 
public utility companies and that should be of interest 
to the operating engineer, is power factor. If an in- 


duction motor of 10 hp. and above has been properly ments and instrument transformers were used. 
. selected for its load conditions, the power factor should In the table the instruments required for various 
, be 80 per cent better. When a motor-test survey is tests are indicated. Although this table by no means 
p 
made it should include particular attention to the ques- represents all the tests that may be made in an elec- 
t tion of power factor. In making a complete load test, trical installation and the meters used for these will 
d sufficient instruments will of necessity be used and the vary with the fancies of the engineer, nevertheless the 
. 7 power factor may be readily determined from readings suggestions given in the table will serve as a guide in 
A obtained. choosing a set of test instruments. The details as to 
se Low power factor introduces several undesirable con- how the meters are connected, used, records kept and 
p- ditions because of the idle current present on the power what the results mean after they are secured will be 
1. lines, in transformers and generators. It overloads given in future articles. 
ne TABLE OF EQUIPMENT REQUIRED FOR MAKING DIFFERENT KINDS OF TEST ON ELECTRICAL MACHINERY 
Rotating Frequency Power-Factor 
e Speed Voltmeter Ammeter Wattmeter Current Potential Standard Meter Meter 
ag Tests For Counter Compass Type Type ype Transformers Transformers Megger Wattmeter Type Type 
Direct-current 
a Per. Mag. 
Current........ Per. Mag. 
Kilowatt load........ Per. Mag. Per. Mag. Optional 
of Overloads............ Any type Per. Mag. Per. Mag. Ree. 
OS ee Any type Per. Mag Per. Mag. Optional 
ite NO re Per. Mag Per. Mag. Optional 
Faults in windings 
le- and connections.... Any type Small Per. Mag. Per. Mag. 
Voltage drop......... Ind. or Ree 
La Tune polarity......... Per. Mag. 
of Insulation............ Per. Mag Or any make 
Kilowatt-hour meters.. Per. Mag Per. Mag. Optional 
tes Alternating current 
the Dyn. One 
er Kilowatt load........ Optional Optional Ind. or Rec. Two + Optional 
p Kilovolt-ampere load Dyn. Ind. or Ree. Optional Two * Optional 
15 Power factor..... . : Optional Optional Optional Ind. or Rec. 
Frequency... . Any type Any type 
wn Overload... .... Any type Dyn. Dyn. Ind. or Ree. Two * Optional 
t Underload..... . . Any type Dyn. Dyn. Ind. or Ree. Two ? Optional 
cu ee Any type : 
atic ee ee Any type Dyn. Dyn. Ind. or Rec. Two * Any type Optional 
r Faults in windings 
as and connections.... Any type Small Dyn. & Per. Dyn. & Per. 
Mag. Mag. 
ach Single-phase operation Dyn. yn. * 
Insulation............ Per. Mag. Or any make 
1 to Kilowatt-hour meters.. Any make 
the * Above 550 volts potential transformers required. 
Except where stated otherwise, indicating-type meters specified. 
. nd. = Indicating; ee. = ec’ 
hp d. = Indicating; R Ree rd 
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ing; Per. Mag. = Permanent Magnet; Dyn. = Dynamometer. . ; ’ 
Current transformers should be of the split type so that they can be connected in the circuit without interrupting the line. 
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the power lines, causing additional heating of cables, 
transformers and generators as compared with the same 
load carried at a better power factor. The line drop 
or loss of voltage is greater at low power factor than 
at high, because this loss is proportional to the line 
current. The regulation of transformers and gene- 
rators, which means the voltage variation between no 
load and full load, is increased, which gives a lower 
voltage and greater fluctuations of voltage at the mo- 
tors, when the motors operate at a low power factor. 

Another important use of testing meters is for the 
determination of load conditions in group drives. 
Where a single motor is used for a number of impor- 
tant drives, it is necessary to watch closely the addi- 
tion of any new machines to the drive in order to 
prevent overloading of the motor and possible damage 
to it. Such a failure may tie up a large amount of 
production machinery. Trouble of this nature may be 
avoided by testing the motor each time equipment is 
added to the drive. 

The most perplexing problem for one about to buy 
testing equipment is what to buy first and how many 
instruments are required for a given plant equipment. 
In equipping various plants from small alternating- 
current and direct-current installations having 10 mo- 
tors up to a plant having 1,500 motor drives, the writer 
used a voltmeter and ammeter in a small direct-current 
plant. In a small alternating-current plant a cable-type 
current transformer, split-type with calibrated leads, 
and ammeter was used with a voltmeter. With regard 
to the range of the instruments, this should correspond 
to the voltage of the circuit and the current of the 
largest motor. In the largest plant about 50 instru- 
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The Utilization of Heat Head 
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station are: First, to generate the greatest 

quantity of high-pressure steam from a given 
weight of fuel; second, to utilize to the fullest extent 
commercially possible the heat head of this high- 
pressure steam. The production of steam from fuel 
has been given close study of recent years and this 
subject is now quite well understood. The objective 
of high boiler-plant efficiency is clearly defined and 
kept in mind in designing steam stations. Economizers 
and air preheaters are employed where economic con- 
ditions warrant their use. Heat-balance studies have 
resulted in the wide use of bleeder heaters on the main 
turbo-generator units to heat the feed water, and prac- 
tically all secondary sources of waste heat are now also 
used for this same purpose. In general it can be said 
that the question of fuel economy in steam generation 
is well covered by the 
station heat - balance 
studies. 

Heat-balance studies 
have, however, fre- 
quently been made 
without full consider- 
ation of the second 
purpose of the power 
plant, namely, the util- 
ization of the heat 
head. Usually, when 
an engineer satisfies 
himself that he has 
discovered the max- 
imum amount of waste 
and secondary heat and has returned this heat to the 
boiler, he is likely to feel that his plan offers the best 
solution of the problem of station economy. He has 
recovered drips, used auxiliary exhaust steam, recovered 
the heat from steam-jet air pumps, etc., etc., and has 
even bled his main units. At first thought this would 
seem to be the ultimate of plant design. However, the 
performance of certain new steam stations where heat 
head has also been given close study, warrants the 
statement that a heat balance of the type described may 
be misleading and may not provide the most economical 
station for the given set of conditions. 

What is meant by “heat-head”? The idea can be 
presented by considering a parallel case. Take the case 
of a supply of water on a high plateau which can be 
piped in a penstock down to a power plant at sea level. 
There will then be a certain hydraulic head available 
to produce mechanical energy. Water can be with- 
drawn at various heights above the power plant for 
useful purposes such as irrigation, etc. Unless this 
water is passed through a small waterwheel at the point 
where it is withdrawn from the penstock, its hydraulic 
head is lost so far as the production of power is 
concerned. 

In the case of high pressure and highly superheated 
steam the heat head may be considered as the heat 
available from adiabatic expansion from the initial con- 
ditions at the superheater outlet down to the final 
exhaust pressure or vacuum. The superheater may be 


Te ultimate purposes of a modern steam-power 


readers. 


HE author needs no introduction to Power 
The heat studies that he has made 


as a consultant in the design of several large 
stations have led to the conclusions set forth. 
They are applicable especially to the big plant, 


but may not be expedient in some cases for com- 
mercial or operating conditions. Inasmuch as 
there may be differences of opinion concerning 
some of the views expressed, they afford a field 
for profitable discussion.—Fditor. 


considered the “high plateau” for the steam and the 
exhaust pipe or condenser, the “sea level.” As in the 
case of the water steam may be withdrawn from the 
engine or turbine between these two levels for some 
commercial purpose such as for heating feed water, 
for warming buildings or for some industrial process. 
If there are economic needs for heat at various 
pressure levels, it is good engineering to divert such 
portions of steam as are required for these purposes, 
provided the maximum amount of power has been 
developed in an engine or turbine from the heat head 
available between the initial conditions and the pres- 
sure at which it is withdrawn. The power-plant de- 
signer should therefore see that no steam is applied to 
any such process without first converting into mechan- 
ical energy the greatest possible heat head. 

Heat head for any conditions can be readily found 
from a Mollier diagram. 
The total heat of one 
pound of steam at the 
initial pressure and 
superheat is first noted 
and a constant entropy 
line followed to its in- 
tersection with the 
pressure line corre- 
sponding to the final 
pressure. The total heat 
of this point is then 
read. The difference 
between the initial and 
final total heats is the 
“heat head.” 

The use of steam-driven auxiliaries to furnish steam 
to heat feed water is a familiar example of waste of 
heat head. Such auxiliaries generally convert only a 
small portion of the heat head into useful work owing 
to their inherently low efficiency. The feed water may 
be heated in steps to the same temperature in a series 
of heaters furnished with steam bled from several 
stages of the main unit. The main turbine will have 
a high efficiency and will convert the maximum amount 
of the heat head of such bled steam into work. The high- 
pressure portion of most large modern turbines using 
superheat is appreciably more efficient than the low- 
pressure portion. The practice of bleeding steam for 
feed-water heating therefore tends to raise the over-all 
efficiency of the turbine as well as that of the station 
as a whole. The fact that bleeder heating may be done 
at stages below atmospheric pressure tends toward 
still further utilization of heat head and higher over-all 
station economy, for a portion of the feed-water heat- 
ing may be done with lower-pressure steam than is 
usually available from steam-driven auxiliaries. 

Bleeding has been so well discussed elsewhere that 
it needs no further consideration in this connection. 
The advantages accruing from the utilization of heat 
head are quite evident in this case. 

Steam-jet air pumps are used in many plants to 
produce vacuum. Usually, these are two-stage affairs, 
with heaters after each stage to condense the steam 
used in the jets. The feed water passes through these 
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heaters, and hence the jets are used as a means for 
heating feed water. Frequently, the steam pressure 
from the main header to these steam jets is lowered 
by reducing valves. Very little of the available energy 
of the steam is used by the jets to do the useful work 
of compressing the air and vapor withdrawn from the 
condenser; hence it may be said that the heat head of 
such steam is utilized very uneconomically. 

If the same steam that is used in each jet is passed 
through the main unit and bled to heat feed water at 
pressures corresponding to the pressures in the stage 
heaters of the steam-jet pump, it will be found that a 
considerable amount of power can be produced at the 
turbine coupling even after allowance has been made 
for the lower heat content of the steam so bled from 
the main unit. This power, after allowance for main 
generator and motor losses, will generally be found to 
be about twice the amount required to drive a re- 
ciprocating dry-air pump of modern design to do the 
same work as the steam jets. The power not required 
by such dry-air pump should be capitalized at the full 
value of the main generator output in arriving at the 
economics of the choice between steam jets and recip- 
rocating dry vacuum pumps. Furthermore, the power 
required by a reciprocating dry vacuum pump tends to 
decrease at very high vacuums, while the steam required 
by steam jets stays the same. This reasoning leads to 
the conclusion that the use of a reciprocating dry 
vacuum pump provides for greater utilization of heat 
head than the use of steam jets and hence results in 
greater station economy. The motor-driven reciprocat- 
ing dry vacuum pump has been installed in several new 
stations as having the highest over-all efficiency. 

Steam-jet ash conveyors are used in many plants. 
They provide a clean, cheap, easy way of handling 
ashes. However, the heat head of the steam is prac- 
tically wasted. The steam itself is lost and additional 
makeup must be provided for the boilers, which throws 
an extra load on evaporators when used. Furthermore, 
the heat in this steam is also wasted, as no provision 
can be made for its recovery. This disturbs the heat 
balance. Many mechanical devices can be used to 
handle ashes at a power consumption that is relatively 
low as compared with the wasted heat head of the 
steam used in a jet conveyor. The first cost of these 
devices may be more than that of the steam-jet con- 
veyor, but this added expense may be justified by the 
power and heat saving resulting from the better utiliza- 
tion of the steam. 


Frequently, high-pressure evaporators are used in 


steam stations for providing makeup. In such units" 


no mechanical work is developed from the steam used. 
This practice cannot be justified from the viewpoint 
of utilization of heat head. It is possible to provide 
low-pressure evaporators of the same capacity in con- 
nection with bleeders on the main units, which will 
provide for a maximum utilization of the heat head. 
Another offender in wasting heat head is the soot 
blower. In most modern high-pressure stations this is 
furnished either with high-pressure steam from the 
superheater outlet or with such steam delivered through 
an orifice at a lower pressure than in the boilers. In 
any case none of the heat head of the steam. is utilized. 
It should be possible to design soot-blower elements to 
use steam at a slightly lower pressure than is now 
considered necessary and to provide such steam from 
a bleeding point at one of the early stages of the main 
unit. This would provide for the maximum utilization 
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of the available heat head. This question of soot-blower 
steam is of great importance to the engineer, for oper-— 
ating tests have shown that in average plants this runs 
from 1 to 2 per cent of the total steam generated for 
the boiler alone. 

Multi-stage impulse turbines lose from 1 to 2.5 per 
cent of the total steam furnished at the throttle, 
through leakage at the high-pressure gland seal. This 
leakage is small when the glands are new, but tends 
to increase rapidly as vibration and wear increase the 
clearances, in the gland packings. Generally, this steam 
is used in some heater or other device where its heat 
is recovered in the feed water. The only heat head 
of this steam that is utilized, is that resulting from 
expansion in the first-stage wheel, for all this steam 
should pass through the first wheel. However, this 
work is small unless the first stage is of the Curtis 
two-row type. It should be possible with the use of the 
water gland outside of the high-pressure steam packing, 
which is now becoming standard practice, to pipe this 
gland leakage at one or more pressures to lower stages 
of the main unit where its remaining heat head can be 
fully utilized. The equivalent feed-water heating from 
the gland steam may be more economically done by 
bled steam from the turbine at or about atmospheric 
pressure. Objections may be raised to such practice 
on the ground that it is inadvisable to introduce high- 
temperature steam in the lower stages of the main 
turbine. However, in view of the fact that the over-all 
economy of the turbine might be increased possibly 
as much as 1 per cent by such use of this steam, it 
would seem that further attempts should be made to 
modify present designs so that it may be utilized in 
the manner indicated. 


UTILIZATION OF CONTINUOUS BLOWDOWN 


A case involving the waste of the heat head in hot 
water might also be mentioned. The boiler blow-down 
in most stations is discharged directly into a sump. 
As this water leaves the boiler at a temperature corre- 
sponding to the boiler pressure, its heat head is abso- 
lutely wasted when it is blown free to a sump. Oper- 
ating men always tend to blow down their boilers for 
longer periods than is necessary, which practice fur- 
ther increases this loss. Continuous blow-down has 
been proposed in the place of intermittent blowing- 
down. Calculations will show that continuous blow- 
down combined with multiple-effect evaporators will 
provide practically all the distilled water needed for 
makeup in the average power plant. Furthermore, a 
large percentage of the heat leaving the boiler in the 
blow-down water may be recovered by passing the 
boiler feed water through the final evaporator con- 
denser. 

Still other examples might be cited, but these will 
serve to bear out the point that certain practices do 
not provide for the full utilization of heat head of the 
steam used. Of course there may be financial, operat- 
ing or other special considerations that make it desir- 
able and even economical to use such equipment as that 
to which objection has been raised. In most central 
stations careful consideration has been given to these 
devices in connection with the heat balance, and in 
general the heat units are carefully conserved. Yet, 
as has been just shown, this conservation of heat, while 
satisfying the heat balance, may not lead to the design 
of the most economical plant, for the available heat 
head has not been fully utilized. 
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Right—A 1,200-hp. twin- 
tandem compound engine in 
service at the Clark Thread 
Co., Newark, N.J., since 1888 


Below — Recently completed 
Grand Tower station of the 
Central Illinois Public Serv- 
ice Co. Present capacity 
40,000 kw. in two units uti- 
lizing steam at 350 lb. 


Left — Power - house end of 
Wilson Dam, Muscle Shoals, 
as it appeared on Nov. 3, 1924 
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Below—A 55-ft. steel platform support- 

ing stack independently of station 

structure at new Fairmont pumping 
station, Cleveland 


Butterfly valve and 35,000-hp. Frances type turbine to operate 
under an effective head of 875 ft. in the Oak Grove plant of the 
Portland Electric Power Company 


Below—Lifting the rotor of a 70,000-hp. generator with two 
200-ton cranes at the Niagara Falls Power Co. Rotor weighs 
399 tons; total load on crane rails about 550 tons 
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Casing of 1,200-lb. Weymouth turbine 
in boring mill. This side view indicates 
small rotor diameter 
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Modern Power-Plant Equipment Reflects 
Changed Conditions 


By P. W. SWAIN* 


gine, power-plant equipment has been constantly 

changing. Watt depended almost entirely upon 
the vacuum to get work out of the steam, his throttle 
pressures being of the order of two or three pounds. 
Richard Trevithick put pressures on the map and was 
the instigator of many a merry content run at the 
English mines between his non-condensing high-pres- 
sure “puffers” and Watt’s condensing engines. Generally, 
Trevithick carried off the honors. The haystack-shaped 
boilers of that day were little more than huge kettles 
built of crude patches laboriously hammered out by 
hand. The furnaces were generally built of rough field 
stones. 

Jumping from the days of James Watt to those of 
1884, four decades ago, the Corliss engine had already 
reached a high state of development. With 70 lb. pres- 
sure at the throttle and turning over at the leisurely 
rate of 70 r.p.m., this ma- 


| Ee since James Watt built his first steam en- 


squeezed as close to the fire as possible to “catch the 
heat.” The fact that the furnace walls carried the 
whole weight of the boiler disturbed no one. 

Coal—real coal at that—could be laid down at most 
plants for $2 aton. At the mine it cost about 90 cents. 
No one knew or cared about the evaporation per pound 
of coal. So long as steam was kept up no questions 
were asked. 

About this time or a year or two earlier a few engi- 
neers began to think about cutting down the cost of a 
plant to get a given power. That meant more speed. 
The problem was attacked by Porter, Allen and others. 
Out of their studies came the high-speed automatic 
slide-valve engine which so astonished the old Corliss 
operators. Byproducts of this work were the Porter 
flyball governor with center weight and the shaft gov- 
Out of their studies came the high-speed automatic 
engines met the demand for low first cost (a real engi- 
neering consideration) 


chine seemed the embodi- 
ment of all that was fine 
and beautiful in the 
mechanical world. Using 
saturated steam, it had no 
high temperatures to con- 
tend with. The moderate 
pressures and low speeds 
simplified the problems of 
balance and strength of 
parts. Cast iron and low- 
carbon steel met all re- 
quirements perfectly. 


THE growth of the oak from the acorn is no 
more wonderful than the transition from 
the crude engines and haystack boilers of Watt 
and Trevithick to the highly organized power 
plant of today, so complex that no individual 
mind can encompass all the known details of 
its design. With interesting sidelights on the 
underlying forces controlling development, this 
article reveals in succession the plants of Watt’s 
day, 1884, 1904, 1914, and finally that of 1924. 


they did not fully meet 
expectations in the mat- 
ter of efficiency. Hence 
the attempt to speed up 
the Corliss and the final 
development of four-valve 
engines with non-releas- 
ing gear. These obtained 
high speed without sacri- 
ficing the clean-cut indi- 
eater diagram of the 
Corliss. Meanwhile there 
was steady progress in 


Lubrication was a simple 
problem, as was the packing of glands. 

The only evidences of electricity in the power plant 
were occasional sparks of “static” jumping from the 
huge leather belt that delivered the power to the mill. 
On top of the engine majestically rode the old Watt 
governor with two flyballs and no center weight. 

Except for the steam main and the throttle valve, 
the operating room was practically bare of other equip- 
ment. The whole layout was well within the compre- 
hension of any bright schoolboy who could use his eyes. 

In sharp contrast to the engine room, which was 
generally dressed up for visitors, was the boiler room, 
where toiling and sweating individuals threw the coal, 
scoop by scoop, into the narrow space between the grate 
and the shell of a small horizontal return-tubular boiler. 
This boiler was built of wrought iron with a steam 
dome to eliminate some of the water and a safety valve 
of the lever-and-weight type. Steam gage, water col- 
umn and injector completed the equipment. There were 
no mechanical stokers, no meters or other instruments 
(except a pressure gage) and no fans. The smoke 
(and there was plenty of it) went up a square brick 
chimney and spread like a pall over the landscape when 
business was good. No smoke meant no business! 

; In a pinch the boiler could evaporate 3 lb. of water 
per square foot of heating surface. The boiler was 
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boiler design. Pressures 
were raised slightly in some cases. The steam dome, 
with its weakening effect on the shell, was removed 
and replaced by a “dry pipe.” The pop safety valve 
replaced the lever and weight. 

Take another jump from forty years ago to twenty. 
Further marked changes had taken place. The out- 
standing change from twenty years before was the 
growth of the central station. In 1884 the electrical 
generation of power wasa decided novelty. In 1904 the 
central stations had become a huge industry, although 
their load was largely confined to lighting and traction. 

Although a few turbines were in operation, the main- 
stay of power generation in central stations as well as 
in isolated plants was the reciprocating engine. Very 
few engineers, brought up in the school of the slow- 
speed reciprocating machinery, were willing to take a 
chance with a “freakish” new device for generating 
power. The Corliss, long since perfected, still occupied 
a prominent place. There were many compound Corliss 
engines where economy was sought. Non-releasing 
four-valve engines of various types (both simple and 
compound) were in general use. High-speed engines 
were in particular demand for direct connection to gene- 
rators. 

In many of the central stations of the day vertical 
cross-compound engines and angle-compounds could be 
seen direct connected to huge “dynamos” with large 
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numbers of poles. The most powerful reciprocating 
units of that day were the twin angle-compound engines 
installed in the Fifty-ninth Street Interborough Sta- 
tion, New York. These huge engines, which started 
operation in 1904, drove 5,000-kw. (maximum rating 
7,500) rotating-field generators at 75 r.p.m. For cen- 
tral-station work they represented the end of an era 
of larger and larger reciprocating engines. Central- 
station loads had begun to grow by leaps and land values 
were high. Thus the necessity for concentration of 
generating capacity in larger units became imperative, 
and attention turned to the turbine. 

While the immediate cause of the general adoption of 
turbines in central stations was the fact that recipro- 
cating units reached the practical limit of size at a 
moment when turbines were there ready to step in with 
less first cost, much less space and, incidentally, some- 
what better efficiency, this situation would never have 
arisen had it not been for the enormous growth of cen- 
tral stations. This growth, in turn, was the direct re- 
sult of intensive sales methods applied to the sale of 
electricity. 

In isolated plants conditions were different. Turbine 
efficiencies were much less favorable in small sizes. 
Moreover, most such plants used belt or rope drive for 
which the turbine was not fitted. Economy of space 
was generally less urgent than in the central-station 
field. So the reciprocating engine continued to hold 
almost complete sway in isolated plants. The Corliss 
and other four-valve engines continued in favor for belt 
drive, while the high-speed automatic was the favorite 
for small direct-connected electrical units. 

Boiler-room practice had made great progress since 
1884. Horizontal return-tubular boilers, still widely 
used, had been improved. The water-tube boiler was 
being widely adopted. Meters and regulating devices 
were gradually gaining a foothold. Here and there 
damper regulators were used. The CO, indicater had 
just been heard of, and the venturi meter had been 
tried out with promising results. A quaint form of 
motor-operated valve was on the market. Powdered- 
fuel equipment was available, although the results ob- 
tained on a few trials were far from promising. 

More attention was given to combustion and the test- 
ing of boilers. Mechanical stokers were frequently 
used in the larger stations, as was equipment for han- 
dling coal and ashes. 


THE END OF A REMARKABLE DECADE 


Another shift, this time of ten years, brings us to 
1914, a year that stands out as the starting point of 
the World War. It also marks the termination of one 
of the most spectacular decades in the whole history 
of power development. Alert engineers everywhere had 
learned that combustion was a chemical process. Boil- 
ers were set higher. The slogan “fire light and often” 
had become a proverb. In this period science made a 
mass attack on the boiler room with remarkable results. 
Practically all of the better plants of large and medium 
size had adopted stokers and forced draft. Mechanical 
handling of coal and ash had become an old story. 
Engineers everywhere were concentrating attention on 
boiler losses and particularly the loss due to excess air. 
Many of the boiler-room instruments used today were 
available though their forms were cruder and their use 
much less general. 

Practically the whole of the transformation of cen- 
tral stations from engines to turbines took place in this 
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decade. In 1904 turbines above 500 kw. were decidedly 
rare. In 1914 Gold Street (Brooklyn) installed 25,000 
kw. in a single cylinder. 

The sudden growth of the turbine caught the boiler 
makers napping, but eventually led to great changes 
in boiler and furnace design. Where engines were 
taken out to make room for much greater capacity in 
turbines, the old boiler rooms were extended until they 
became unwieldly. 

Several factors have entered into the reduction of 
boiler-room floor space per kilowatt output. One i§ the 
higher over-all efficiency of the station; another is fhe 
practice of operating boilers at high ratings: Mere 
size is an important factor as capacity increases roughly 
as the cube of one dimension, while the floor space in- 
creases as the square. The big-boiler movement in the 
United States was started near the end of this decade 
at the Delray Station of the Detroit Edison Co. 

The introduction of the unaflow engine to American 
engineers in 1913 is particularly significant. The small 
steam turbine with its continually improving economy 
was all set to drive the older types of reciprocating en- 
gine from the field in those isolated plants where elec- 
tricity was generated. The unaflow engine with its 
remarkable efficiency put the turbine on the defensive 
in the small and medium-sized plants. Incidentally, it 
proved a life saver to many of the engine manufacturers 
who feared the extinction of their business. 


OIL ENGINE STARTS TO FORGE AHEAD 


Something should be said of the oil and gas engines. 
In 1904 the gas engine was going strong. Less was 
heard of the oil engine. By 1914 the tables had been 
turned and the oil engine had started to forge ahead, 
while the gas engine was dropping back. An impor- 
tant factor in this connection was the expiration of the 
original Diesel patents, which was followed by the ap- 
pearance of a number of engines of American design 
and construction. 

The period from 1914 to date has been marked by the 
general refinement of existing forms of prime movers, 
with relatively moderate increases in maximum size. 
This period, and-in particular that since the war, is 
notable for a general re-examination ‘of scientific funda- 
mentals in an attempt to see exactly where we stand and 
where future possibilities lie. About two years ago 
there came to be a general appreciation among intelli- 
gent engineers that the more efficient steam-operated 
prime movers, the unaflow engine and the large turbine, 
had reached a stage of development where only a slight 
margin for improved efficiency remained. With this 
realization came an intensive study of the heat cycles 
and heat balance. The first step was the general adop- 
tion of bleeder heating, which jumped the efficiency 
limit from the Rankine to the Carnot. Further increase 
of cyclic efficiency could come only from extending the 
limits of the cycle. However, little further improve- 
ment in vacuum was possible. 

The only thing left to do was to increase steam pres- 
sures and temperatures. Study of the problem showed 
that much higher pressures were feasible. Tempera- 
tures could be raised a little, but 750 deg. F. seemed 
about the limit with the available materials. Even this 
temperature required the use of special steels and alloys 
in the construction of superheaters, valves, turbine 
nozzle chambers and other parts of equipment exposed to 
the steam at its maximum temperature. New standards 
have been developed for high-pressure pipe joints and 
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fittings. New heat insulation is available for high tem- 
peratures, generally to be used as an inner layer. 

According to present indications central stations oper- 
ating at 500 Ib. will soon be common, with gradual 
progress to somewhat higher pressures as experience 
irons out difficulties. Metallurgists are working hard 
on the problem of strength at high temperatures. 
Scientists are developing new steam tables for the up- 
per ranges. All this is having a remarkable effect on 
equipment. The new conditions mean different piping, 
different boilers and different turbines. 

Great as is the significance of the present movement 
toward higher pressures and temperatures, it is only a 
part of the story. Changes in these pieces of equipment 
not directly affected by high pressures have been equally 
important. 

Increased ratings, together with the attempt to cut 
excess air to a minimum, resulted in furnace tempera- 
tures so high as to tax refractories severely. New mix- 
tures were developed, as were special blocks, solid, hol- 
low or perforated. Just now water-cooled furnace walls 
are forging into prominence. Fans, pumps, traps, oil- 
ing systems and electrical equipment—all are undergo- 
ing a constant refinement. 


INTEREST AWAKENED IN POWDERED FUEL 


Changed conditions following the war had much to 
do with the remarkably sudden interest and activity in 
pulverized fuel. For one thing coal was much higher 
than before the war. Hence a gain of five points or 
better in efficiency was worth more than formerly. 
Then coal strikes had endangered fuel supplies in dis- 
tricts where continuous service was an essential. The 
ability of a pulverized-fuel installation to burn one 
grade of fuel today and another tomorrow gave it a 
certain insurance value. 

Powdered fuel has, of course, had an immense effect 
on furnace design. The difficulty of finding refractories 
that would stand up against the high furnace tempera- 
tures has led to the extensive use of protective water 
screens in addition to those needed to cool the ash dust. 

An interesting sidelight on powdered-fuel develop- 
ment is furnished by the stoker. The turbine had chal- 
lenged the reciprocating engine. The latter answered 
with the unaflow. Powdered fuel’s demonstrations of 
higher efficiency and flexibility had an immediate reac- 
tion in improved stoker design. As a result the lead 
in eificiency has been cut down considerably, while the 
stoker manufacturers point to the saving in prepara- 
tion costs and furnace volume by firing with stokers. 

Air heating seems to be coming in with 
a rush. The evaporator, once familiar 
only to the marine engineer, is now com- 
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The value of records is universally appreciated in the 
large stations and to a.great extent in the smaller ones. 
As a result an astonishing number of indicating, re- 
cording and integrating instruments have come into use. 

Among the causes contributing to these changes are: 
More expensive coal, increased wages and land valua- 
tions, the increasing importance of reliability and a 
more general appreciation of the value of scientific 
control in every field. 

The cumulative effect of all these improvements has 
been a steady lowering of the fuel consumption per 
kilowatt-hour until today one pound of coal per kilowatt- 
hour is in sight. 

Finally, the fact must not be overlooked that the 
steam plant at its best still lags considerably behind the 
present (and past) efficiency of the Diesel engine. In 
spite of its higher first cost and the necessity of burn- 
ing fuels generally costing more than coal per B.t.u., 
the remarkable thermal efficiency of the Diesel engine is 
appealing more and more to engineers, particularly in 
plants of medium size with small heating loads. 

Little has been said about the continued increase in 
the size of turbines. In fact this increase, after passing 
25,000 kw., is of less importance than some of the other 
recent developments. 

That salesmanship has been a determining — in 
fixing the size of units is clearly shown by a comparison 
of the present state of the electrical industry in Great 
Britain and America. 

The first fact to be considered is that America con- 
sumes 500 to 800 units (kilowatt-hours per year) per 
capita, while the English consumption runs from 100 to 
180 units. This at once makes it commercially unsound 
for British plants to use unit sizes that are practicable 
with our greater loads. The cause of this lower con- 
sumption lies in lack of salesmanship. 

While power plant equipment is now in a higher state 
of development than ever before, it would be foolish for 
engineers to delude themselves with the notion that 
practical perfection has been reached. 

It sounds good to hear of plants making a kilowatt- 
hour on 1.3 lb. of coal. From one point of view it has 
been a tremendous accomplishment. Yet, to be frank, 
a plant that wastes 80 per cent of all the energy in the 
fuel leaves something to be desired. 

Sadi Carnot, whose centenary is being celebrated this 
year, showed that the road to greater efficiency lay in 
getting heat into the working medium at the highest 
possible temperature and rejecting heat at the lowest 
possible temperature. The Carnot cycle sets the pace. 

So far as anybody can see, the lower 
limit seems practically fixed unless some- 


mon in stationary plants. Deaérators have 
entered the field. 

Even to mention all the innovations and 
improvements of this decade would be im- 
possible in the allotted space, but the fol- 
lowing are fair samples: New meters of 
many types, automatic centralized combus- 
tion control, deaérators and zeolite water 
softeners. 


one is to establish a plant in the polar 
regions. The upper limit is fixed only by 
materials of construction. Today we say 
the upper limit is 750 deg. for parts in 
contact with high-pressure steam. Two 
years from now there will doubtless be a 
higher limit. Where this will stop no 
one can say. One thing only is certain—. 
the process of development is in full 
swing and no end is in sight. 
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Third National Exposition of Power 


and Mechanical Engineering 


Big Increase in Number of Exhibitors Over Last Year—Exhibits Cover Wide Range 
of Power Producing, Distributing and Utilizing Apparatus 


Mechanical Engineering, which is being held this 

week at the Grand Central Palace, New York 
City, surpasses in both quantity and quality of the 
exhibits that of the last two seasons. Last year two 
hundred and sixty manufacturers exhibited their prod- 
ucts and the attendance numbered sixty-two thousand. 
This year the number of exhibitors has increased to 
three hundred and seventy and it is expected that the 
attendance will approach seventy-five thousand. The 
exposition is being held simultaneously with the annual 
meeting of the American Society of Mechanical Engi- 
neers and the American 
Society of Refrigerating 
Engineers, as was done 
last year. 

A series of lectures 
dealing with the impor- 
tant developments in the 
various phases of power 
and mechanical engineer- 
ing has been arranged. 
These lectures will be 
presented by authorities 
in the mechanical field 
and scheduled to 
avoid conflict with the 
meeting of the two so- 
cieties previously men- 
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from monel metal and Pyrex glass, exhibited by the 
Lewis M. Ellison Co.; Electric duplex CO, recorder by 
C. J. Tagliabue Manufacturing Co.; “Ranarex” indicat- 
ing and recording CO, instrument by the Permutit Co.; 
“Apex” CO, indicator and recorder by Uehling Instru- 
ment Co.; Pyrometers by the Republic Flow Meters 
Co.; and a new line of multiple draft gages and strip- 
chart recorders by the American Schaeffer & Buden- 
berg Co. Other measuring instruments of interest are 
the venturi meter for measuring liquid ammonia and 
brine in the refrigerating plant, exhibited by the Build- 
ers Iron Foundry Co., and precision type mercury- 
column vacuum gage, ex- 
hibited by the Taylor 
Instruments Companies. 
This gage is equipped 
with’ a vernier to read 
vacuums down to one- 
thousandth of an inch. 
The manner in which 
valve manufacturers are 
solving the problem of 
high pressures and tem- 
peratures will be seen in 
a review of their exhibits, 
many new developments 
having been made during 
the last year. An un- 
usually extensive exhibit 


tioned. 

Working models will be 
much in evidence as at 
the previous expositions. 
In a large number of cases full-sized commercial units 
are being shown, including stokers, coal-handling equip- 
ment, pulverized-fuel systems and water-softening sys- 
tems. A number of these will be amplified with draw- 
ings and photographs illustrating different types of 
installations. 

The exhibit of boiler-room instruments is very exten- 
sive. In several cases instrument boards equipped with 
a complete line of indicating and recording instruments 
are being shown. These afford engineers the oppor- 
tunity of obtaining practical information on the details 
and principles of their application. 

In addition to its line of boiler-room instruments 
the Bailey Meter Co. will have on exhibit a large 
diagrammatic layout of a boiler equipped with a super- 
heater, economizer, air preheater, forced and induced 
draft. The purpose is to show the application of air- 
flow, steam-flow meters, recorders and gages for proper 
boiler operation. It is drawn to a large scale and is 
colored so that the fuel, air, products of combustion, 
water and steam are readily disintinguished one from 
another. The intensity of color in each case is used 
to denote the temperature at different points. 

Among the list of boiler-room instruments of recent 
development are: The Ellison-Leach CO, analyzer made 


First glimpse of the power show from the main 
entrance of the Grand Central Palace 


is that of the Henry Vogt 
Machine Co., which con- 
tains 231 different valves 
and fittings. These con- 
stitute a complete line of drop-forged steel fittings 
ranging in size from 1 to 6 in. and designed for high 
pressures and temperatures. 

A complete line of cast-steel monel-mounted valves 
for pressures of 400,600 and 900 lb. and temperatures 
up to 750 deg. F. in both hand- and motor-operated 
types are being exhibited by the Lunkenheimer Co. A 
new line of forged steel valves.for high pressures and 
temperatures are being shown by the Edward Valve &: 
Manufacturing Co. and the Columbus Machine Co. 
Recent developments in the line of non-return valves 
are included in the exhibits of the Elliott Co. and the 
Schutte & Koerting Co. A new line of steam traps 
having steel bodies and designed for high pressures 
and temperatures are being shown by the Armstrong 
Machine Works. 

The exhibits of oil-burning equipment of both the 
steam and mechanical atomizing type will be found 
very complete. Many of these are being shown in 
operation, spraying water in a glass case, thus afford- 
ing the opportunity of demonstrating the atomizing 
properties of the burners. A new type of burner in 
‘which an artificial or natural gas burner is combined 
with a mechanical atomizing oil burner is being shown 
by the Peabody Engineering Corp. This burner is 
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designed to facilitate changing from one fuel to the 
other. Also included in this line of equipment are 
several combined pumping and heating units. 

Many developments and improvements have been 
made in pulverized-coal equipment during the last year. 
Of the six unit-type pulverizers on exhibit two are 
being shown for the first time. These are the Raymond 
(Impact) and the American (rolling-ring) pulverizers. 
Other exhibits of this line include types of single and 
multiple screw feeders, vertical and horizontal burners, 
pneumatic transport systems and electric pneumatic 
switching valves and bin signals. A section of an air- 
cooled furnace bottom, clinker chamber and sluiceway 
for pulverized coal is exhibited by the Allen-Sherman- 
Hoff Co., together with a section of a “catenary-curve” 
cast-iron coal bunker. Tight-closing ash gates for 
powdered-fuel furnaces and ventilated powdered-fuel 
hoppers are being shown by the Baker Dunbar Co. 
In the fuel hopper a cast-iron plate lining is used, and 
this in turn is protected by a hollow ventilated lining, 
which may be laid in horizontal or vertical courses. 
With the horizontal type of ventilation the air is drawn 
by the primary blowers across the walls of the hopper 
and discharged through the primary-air inlet of the 
burners. Where vertical ventilation is used, the air is 
circulated through the walls by natural draft. A new 
type of air preheater is being shown for the first time 
by Connery & Co. 

Several manufacturers of refractories and furnace 
arches are repeating their exhibits of last year, in 
which sections of furnace walls and arches are shown 
as they would actually be set up under a boiler. Single 
and double suspension arches, interlocking furnace-wall 
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construction, veneer lining for furnace walls, bonding 


SHOW AND THEIR PRODUCTS 


Booth No. Manufacturer Product 
539 Ackerman-Johnson Co., Chicago 
260 Advance Engineering Co., New 
“Armstrong”’ cast-iron and cast- 
steel steam traps 
319-320 Aero Pulverizer Co., New York Coal pulverizing and burning 
equipment 
204 Alberger Heater Co., Buffalo... Heaters, oil coolers and evapo- 
rators 
429 Alexander Bros., Philadelphia... Belting 
75 Allen-Sherman-Hoff Co., Phila- 

bottoms, ash hoppers, gates 
and sluiceways 

212 aye Engineering Co., New 

58 Arch Co., Inc., New 

495 American Blower Co., Detroit.. “‘Sirocco'’ fans, blowers, air- 
conditioning equipment 

65 American Brass Co., New York sien aad tubes, brass pipe and 
rods 

525 American Car & Foundry Co., 

“Berwick” electric rivet and 
metal heaters, ‘““Halyburton” 
valves 

208 Armstrong Cork & Insulation 

eae Cork heat insulation, cork iso- 
lating blocks for machinery 
foundations 

432 American Pulverizer Co., St. 

Coal pulverizing and burning 
equipment, coal crushers and 
firebrick pulverizers 

74 American Schaeffer & Buden- 

berg Corp., Brooklyn........ Indicating and recording gages 
and thermometers, tachom- 
eters, valves and _ fittings, 
steam pecialties 

412 Ames B.C. Co., Waltham, Mass. neh lathes, milling and filing 
machines, dial gages 
65 Anaconda Co., 

New York.. Anaconda products, condenser 
tubes, brass and copper pipe, 
rods 

Andale Co., Phila- 
ol 
17 Andrews-Bradshaw Co., 
Pittsburgh. . “Tracy” steam purifier 
213-214 Arca Regulators, Inc., New York “Arca” automatic regulators 
260 Armstrong Machine Works, ‘ 

Three Rivers, Mich.......... High- and low-pressure steam 

traps 
New York.. =e Valves, gages, steam specialties 
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and ledge block construction for air-cooled and ven- 
tilated walls are included in the exhibits. 

The Marion Machine Foundry & Supply Co. is show- 
ing for the first time its new type AB soot blower 
described in Power, Nov. 4. The exhibit includes, also, 
a periscopic air indicator for oil-fired furnaces. 

Motion pictures will again form a feature of the 
show, and as previously mentioned, a series of lectures 
will be presented. The lectures have been scheduled 
as follows: 

Dec. 2, 2 p.m., “Hydraulic Equipment,” by W. M. 
White, Hydraulic Dept., Allis-Chalmers Co.; Dec. 3, 
2 p.m., “Materials Handling,” by Matthew W. Potts, of 
Industrial Management; Dec. 3, 8 p.m., “Mechanical 
Refrigeration,” by Frank L. Fairbanks, chief engineer 
of the Quincy Cold Storage Co.; Dec. 4, 2 p.m., “Steam 
Prime Movers,” by C. Harold Berry, technical engineer 
of power plants, Detroit Edison Co.; Dec. 4, 8 p.m, 
“Machine Tools,” by Ralph Flanders, manager Jones & 
Lamson Machine Co.; Dec. 5, 2 p.m., “Mechanical Power 
Transmission,” by G. A. Ungar, Engineering and Com- 
merce Corp.; Dec. 5, 8 p.m., “Oil and Gas Engines,” by 
Dr. Charles E. Lucke, professor of mechanical engi- 
neering, Columbia University. 

In the foregoing, brief mention is made of some of 
the new and improved devices that are being exhibited, 
this mention having been made possible through in- 
formation furnished in advance by the manufacturers. 
A more complete description involving additional equip- 
ment will be contained in the report of the Power Show 
which is to appear in the Dec. 9 issue. A list of the 
manufacturers and their products follows: 


Booth No. Manufacturer Product 
38 Ashton Valve Co., New York... Indicating and recording gages, 
master pilot gages, safety 
valves, oil-rehef valves 
552-553 Attwood & i orrill, New York.. Atmospheric relief valves 
90 Babbitt Steam Spee. Co., New 
Bedford, Mass........... Adjustable sprocket mms and 
specialties 
54-55 Bailey Meter Co.,Cleveland.... ‘Bailey’ air-flow, steam-flow 
meters ; pressure and 


temperature recorders, indi- 
cating and recording tachom- 
eters, multi-point gages. 
Ventilated pulverized-coal hop- 
pers, ash hoppers, hand- and 


16 Baker Dunbar Co., Cleveland. . 


power-o — ash gates 
249 Ballwood Co., The,New York.. Pipe, bends and coils 
547 Barco Manufacturing Co., 
Lubricated plug valves, flexible 
joints 
313 Barnes & Jones, Boston........ and thermostatic 
valves, condensators and traps 
for heating systems 
427-428 Bartlett Hayward Co., The 
Baltimore. . “Fast’s” flexible coupling 
312 Bassick Manufacturing. "Go, bp 
550 Bayer Co, The., St. Louis. . Soot blowers 
50-51 Beaumont Co. Phila- 

skip hoist with simplex loader, 
suspended steel bunker, weigh 
larry and cable drag scraper 

50-51 Beaumont. Manufacturing Co., 
78 Bernitz Furnace Appliance Co., 

Clinker-proof furnace walls and 

blocks 
70-71 Bethlehem comp. 

Ltd., Bethlehem, Pa.. “Bethlehem-Dahl” oil-burning 
systems, turbo and recipro- 
cating feed pumps 

70-71 Steel Co., Bethlehem, 
68 Bigelow Co., The, New Haven, 
Water-tube boilers 
413 Blast furnace & Steel Plant, 
437 Smith Corp., New 
tractors 
558 Engineering Co., New 
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EXHIBITORS AT THE POWER SHOW AND THEIR PRODUCTS—Continued 


Manufacturer 
Boig & Hill, Inc., New York.. . 
Boiler & — Supply 
Corp., New York.. 
Boston Gear Works, 'N Norfolk 
Downs, Mass. . 


Bradley Washfountain Co., 
ilwaukee. 
Brady Conveyors ‘Corp., Chicago 


Bridgeport Brass Co., Bridge- 
port, C 


Brown Instrument Co., Phila- 


Budd Grate Co., Philadelphia.. . 
Buffalo Forge Co., Buffalo... ... 


Buffalo Steam Pump Co.,Buffalo 
Builders Iron Foundry, Provi- 
dence, R.I 


ay Steam Trap Co., Nashua, 
womens Co., Edwin, New York 
Cambridge & Paul Inst. Co. of 

Amerion, Ossining-on-Hudson, 


Campbell, Andrew C., Inc., 
Bridgeport, Conn........... 

Carborundum Co., The, Perth 

nati..... 


Carling Turbine Blower Co., 
Worcester, Mass............ 

On” Fastener Co., Cambridge, 

Carrick’ Engineering Co. _Chi- 
cago... 


Carrier Air Conditioning Co. “ 
Buffalo. 
Cash Co., A. W. , Dacatur, Til.. 


Celite Products Co., Chicago. . . 


Cant Forging Co., Catawissa, 
Chapman Valve Mfg. Co., 

Indian Orchard, Mass....... 


ae & Sons, John, New 
Electric Co., Jas. Jr., 
Cleveland Wen Gear Co., 
Cleveland 


Engineering Co.,Chnton, 


Clipper Belt Lacer Co., ent 
Rapids, Mich 
Cochrane Corp , Philadelphia. . 


Coen Company, New York..... 


Columbus Machine Co., New 
Corp., 
New York.. 


a Pub. Corp., New 
Connelly Boiler ©o., D. , Cleve- 
land.. 


Conner, ma. Wm. R., New York 
Connery & Co., Inc., Phila- 


Safety Valve Co., 
New Y 

Valve & Equipment 
Co., Framingham, Mass 


Product 
Cutgearsand transmission chains 


“Bayer” soot blowers 


Gears, sprockets, chains and 
universal joints 


Wash fountains 
Steam-jet ash conveyors, flat 
suspended furnace arches 


Condenser tubes, brass tubing, 
rods, sheets, wire, etc. 


Recording pressure and vacuum 
gages, electric temperature 
controls, indicating and re- 
cording thermometers and 
pyrometers 


Kantilever spring coupling 
“Jackson” time saving vise, 
“Brown” stock rack 


Electrical COgrecorders, pyrom- 
eters, recording instruments 

Furnace grates 

Fans, blowers, exhausters, air- 
coolers, purifiers and pre- 
heaters 

Duplex and centrifugal pumps 


Venturi indicating and record- 
ing meters for steam, water, 
liquid ammonia and brine 


Steam traps 
Cooling towers 


Electric CO2 indicators and re- 
corders, ‘‘Collins” micro-in- 
dicators for internal-combus- 
tion engines 


Nibbling machines 
Refractories 


Pipe-covering and heat-insulat- 
ing materials 


Turbo- and motor-driven blow- 
ers, small steam turbines 


“Dot” !ubricators and fasteners 


Automatic boiler-control equip- 
ment 


Air-conditioning equipment 
Pressure reducing an regulat- 
ing valves, fan engine re 

lators, expansion and re ief 


valves 
“SiL-O-Cel” insulating bricks 
and lock: s, ‘‘Celcote” boiler 
coating, ‘“Fraxite” high tem- 
perature cements 


Forged fittings 
Steam purifier 


Valves for high and low pres- 
sures, motor-operated gate 
valves 


Industrial scales and specialties 
Motor-driven drills and grinders 


Worm-gear speed reduction 
ts 


unt 


Gasoline, kerosene and natural- 
gas engines, refrigerating ma- 
chines 


Steel belt lacing 

Flowmeters for steam, air and 
water. V-notch meters and 
recorders, pressure filters, 
heaters, water softeners, multi- 
port back-pressure valves 

Mechanical and steam atomiz- 
ing oil burners, oil heaters, 
duplex oil strainers 


Forged steel valves 


Mechanical stokers, pulverized- 
coal and oil-burning equip- 
ment 


Bent-tube and sectional header 
cross-drum type boilers 
Steam specialties 


Steel plate work, expansion 
stiffeners for breechings, air 
ducts, etc.; preheaters 

Safety valves and fittings 


Forged fittings and reducing 
valves 


Booth No. 
32 


241-242 


52 
261 
277-278 


286 


488 
12-A 


288-289 


1 3 
271-272-273 


44B 


28-A 
18 
217-218 


76 
100-101 
246 
531 
330-331 
17 
338-339 
425-426 
438 
226 


564 
15-A 


315 


46 


540 
84 


62 


92 


Manufacturer Product 
Cape Engineering Corp., 
orcester, Mass............ Steam-turbine and motor-driven 
blowers, centrifugal turbo 
boiler-feed pumps 
Oy Son, Inc., Chas., New 
Motor operated gate valves, 
flow tm icators for steam, air 
and water 
Crane Co., Chicago......... . Valves, fittings and specialties 
Crane Packing Co., Chicago. . Flexible metallic packing, metal- 
lic condenser-tube packing 
Crosby Steam Gage & Valve Co., 
Indicating and recordin; 
safety, blowoff an 
valves 
Culm-Burn Equipment Co., 
ee Water-cooled grates for burning 


small-sized anthracite 


Dampney Co. of America, Boston Protective coating for meta 
surfaces 

Davidson Co., M.T., New =e Steam pumps 

D'Este Co., Julian, Boston.. “Curtis” damper regulators, re- 
ducing valves traps and tem- 
perature regulators 

Dearborn Chemical Co., Chicago Feed- water treatment “No 

Oxid,”’ rust preventative, lu- 


bricating oils and greases 
De Laval Separator Co., = " 


Detrick Co., M. H. 
Detroit Belt Lacer — 
Detroit Stoker Co., Detroit. 
Diamond Chain & Mf, g. 


Oil purifiers 

Suspended furnace arches 
Metal belt lacing 

Multiple-retort stoker 


— ower Speoialty Co., 
Soot blowers 
Dick Go. Inc., R. & J., New 
pulleys 
Dickson & Co., Walter S., New 


steam traps and specialties 
Die Crucible Co., Jos., Jersey 
Dodge Corp.. F. W.. New York Sweet’s Engineering Catalog 
— Non-Clinkering Furnace 
Block Co., New York....... 


Durable Mfg. Co., New York. . 


Eastern Steam Specialty Co., 
— Iron Co., Edge Moor, 


Boiler graphite, lubricants 


Non-chnkering furnace blocks, 
furnace door safety latch 
Packing, paints, valve disks 


team traps and pumps 
Water-tube boilers, waste-heat 


systems 
Edward Valve & Mfg. Co., East 
High-pressure forged steel 
valves,motor-operated valves, 
fittings and specialties 
Elliott Co., Jeannette, Pa...... Steam and_ oil separators, 


strainers, blowoff valves, test 
for measuring corrosive- 
ess of water 
“Ellison-Leach” analyzer, 
inclined and vertical draft 
gages 
“Turner” baffle walls, 
oil burners, balanced draft 
furnace pressure regulators 
Pulverized- coal apparatus, 
— engines, water-tube 


Ellison, Lewis M., Chicago... 


Engineers Book , New York 
Engineer Co., The, New York.. 


Erie City Iron Works, Erie, Pa. 


Ernst & Co., Newark, N. J... 
grees Valve Co., Jersey 


Faf: Beating Co., New Britain, 
Fairbanks Co., New York...... Valves and steam specialties 
Fairbanks, Morse & Co., Chicago Steam and motor-driven pumps, 
centrifugal pumps, air com- 
pressors—electric motors 


boiler gages, fillings 


“Everlasting” blowoff valves 


Falls Basins Stop Co., Sheboygan, 
ee Automatic engine stops 

Herringbone gearing, conveycr 
drives, flexible couplincs 

Farnsworth Co., Norristown, Pa. Steam traps 

Federal Gauge Co., Chicago.... Gages, steam specialties 

Engineers Inc., New 

or 


Falk Milwaukee. . 


Self-priming centrifugal 
“La Bour” vacuum 
return systems 

Feed-water treating systems 


jumps, 
eating 


Filtrators Co., The New York.. 

Fisher Governor Co., Marshall- 
valves, pressure regulators, 
steam traps, liquid level con- 
trellers 

Flexible Steel Lacing Co., 


“Flexco” belt fasteners and 
lamp guards 


“Huber” hand stoker, mechan- 
ical stokers 


Speed-reduction units 


Pressure regulators, non-return 
valves, pumy governors 


anne Bros. Gear & Mch. Co., 
Co., Newark, 


Co., The, Foxboro, 
Indicating and recording gages 
and thermometers, CO: re- 
corders . 


Frederick Iron ed Steel Co., 
Frederick, 


“Spirex” vacuum pumps 


901 
12 Bristol Co., The, Waterbury, 
28 Brown Engineering Co. »Reading, 248 
10 
13 
526-527 
94 
73 
222 
8 17 
A 486 
263 
423 } 
508 
410 208-A 
566 
= 
423 
28 
3 
440 
: 
= 
Flynn & Emrich Co., Baltimore, 
| 
| 


902 


Booth No. 


Manufacturer 


14A & 14B Fuller-Lehigh Co., Fullerton, Pa. 


252-253 Fulton Co., The, Knoxville, Tenn... 


542 


546 
45 


274-275 
87-88 


262 


565 

414 

92 

35 
201-202-203 

49 


21 
60 


46 
557 


230 


314 


39 
551 
23-24-25 


283-284 
506 
9 


485 


90 


Furnace Engineering Co., New 


Garratt Callahan Co., New York 


General Electric Co., 
Schenectady, N 


Gifford Wood Co., Hudson, N. Y. 
& Geoghegan, Inc., New 


Girtanner Engineering Corp., 
New Yor 


Globe & Kneadable Metallic 
Packing Co., Brooklyn. .... . 

Goodman Manufacturing Co., 

Gordon Co., James T., New York 


Graver Corp., East Chicago, Ind. 


Green Fire Brick Co., A. P., 
Griscom-Russell Co., New York 


Hagan Corp., Pittsburgh.... ... 


a Inspirator Co., New 


Hand. Stoker, The, New York. . 


Hanson Tap & Gauge Co., Hart- 
ford, 

Hanson-Whitney Mch. Co., 
Hartford, Conn............. 


Ha - & Derby Mfg. Co., New 
ork, 


Hays Cup,. Jos. W., Michigan 
ity, I 
Hill nes Mch. & Fdry. Co., 


levelan 


Hollow Ball Co., Baltimore. . 
Howard Iron Works, Buffalo.... 


Howden & Co., Jas., of women 
Inc., New York.. 


H & O Chain Co., 
South Norwalk, Conn....... 
Hydraulic Press Mfg. Co., 
Mt. Giliad, Ohio............ 


Illinois Engineering Co., Chicago 


Industrial Management Group, 
New Yor 
Industrial Power, Chicago... .. 
Insulating Products Corp., New 
International Combustion Engr. 
Corp., New York 


International Corres 
Schools, Scranton, 
International Filter Co., Chicago 
Nickel Co. New 
ork.. 


Irving Iron Works Co., 
Island City, N. Y........... 


Jenkins Bros., New York...... 


Jointless Fire Brick Co., Chicago 
Jones Foundry & Mch. Co., 


Jones & Lampson Corp., 
Keeler Co., E., Williamsport, Pa. 
Kellogg Co., M. W., New York 
Ker Turbine Co., Wellsville, 
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Product 


“Fuller-Lehigh” coal pulver- 
izing, transporting and burn- 
ing equipment, waste-heat 
coal driers. 

regulators and 


“Simplex” unit-type coal ot 
verizer 


Asbestos, rubber, metal and 
fibrous packings ‘ ‘Veritemp” 
metal ammonia packing 

““Magic”’ boiler preservative 


Small steam turbines, surface 
air coolers, electric steam 
generator, flow meters, indus- 
trial control devices,‘ ‘Fabroil’” 
gears 

Coal-handling equipment and 
ice machines 


hoists for ash re- 
mova. 


Steam ash conveyors and hand 
stokers 


Metallic packing 


Industrial hoisting machinery 
Strainers, valves, vacuum 
pumps, worm gear drives 


Water softening and treating 
apparatus 


Firebrick and refractories 

U-fin generator air coolers, air 
ejectors, evaporators, heaters, 
oil coolers 

Automatic boiler-control sys- 
tems, deconcentrators, con- 
centration gages, steam puri- 
fiers and heaters 


Gages, ie, steam specialties 
“Huber” hand stoker, hopper- 
feed hand stoker 


Taps, dies, gages, small tools 
Drill presses and _ milling 
machines 


“Metropolitan” injectors, valves 
and gages 


CO, recorders and draft gages 


Collar oiling bearings, friction 
clutches, rope drives, hangers, 
ete. 


“National” boiler arches 
bronze and steel 


alls 
Yeobaue heaters and expan- 
sion joints 


Air preheaters 


“‘Hays’’ CO» and draft recorders, 

draft gages and gas analyzers 

“P.B.H.” water gage, damper 
regulators 


Transmission chains 


Forged stcel fittings 


Pressure-regulating valves, 
steam traps 


Insulating materials 


Underfeed, overfeed and travel- 
ing-grate stokers; “Lopulco” 
pulverized-coal equipment, 
air preheaters and oil-burning 
equipment 


Water filters and purifiers 


Samples of commercial uses for 
monel metal for power-plant 
equipment 

“Irving” subway erating, floors, 
stair-trea’ 
alves, brass, iron, bronze, 
semi-steel and cast steel; 

valves, sheet packings 
ibrico’’ refractiories 


Speed-reduction units, flexble 
coupling, shaft hangers, ete. 


Turret lathes 
Water-tube boilers 
Pipe, valves and fittings 


Steam turbines, reduction gears 


Booth No. 


296-297 
BA 


95 


203 


307 


63 


411 


424 
267 
237-238-239 
32 
12-A 


322 
268 
322 


411 


265 
344-345 
254 


501 
500 


66 


346-347 


Manufacturer 


Boiler Co., 
jest St. Louis, 
Keystone Lubricating Co., 


Keystone Refractories Co., 
New York 
King 
Buffalo.. 


Kissick Fenno Co., New York.. 


“Klingerit,” Inc., New York.. 
Korfund Co., Inc., New York. . 


Co., Chicago Heights, 
Ladd Co., George T., Pittsburgh 
Lagonda Manufacturing Co., 

Springfield, O 


Lead Lined Iron Pipe Co., 
Wakefield, Mass............ 

Liberty Manufacturing Co., 
i Fire Brick Arch Co., 


a Regulator Co., Salem, 


Lunkenheimer Co., The, 


Lopulco Co., New York....... 


McCroskey Tool Co., 
Meadville, 


Mcleod & Henry Co., 
Troy, N. Y 


MeVicker Co., W. M., Brooklyn 

M & Engineering Co., 

Machine Tool Historical 

ack Engineering & Supply Co., 
New York 

Management & Administration, 
New York 

Manning Maxwell & Moore, 
Inc., New York 


Manufacturers Record, 
Maphite Sales Corp., St. Louis. 
Marion Mch. Fdy. & ‘Supply Co., 
Marlin Rockwell Corp., 
Jamestown, N. Y........... 
Mason Regulator Co., Boston. . 


Mason Volney Co., W., 
Providence, R.I............ 
Merco-Nordstrom Valve Co., 
Sam 
Merrick Scale Mfg. Co., 
Merritt L. R., 


New 
Metallo ‘Gasket Co., New York 


Midwest Air Filters, Inc., 
——v > Piping & Supply Co., 
Midwest Steel & Supply Co., Inc., 
Modern Machine Tool Co., 
Morse ag Co. Ithaca, N. Y. 
Morse Dry Dock & Repair Co., 
Moto Meter Co., Inc. 
Long Island City, N. ¥... 


Mueller Co., Inc., Decatur, IIl.. 
Mueller Metals Co., 

Port Huron, Mich.......... 
Nash Engineering Co., 

South Norwalk, Conn....... 


N. A. 8S. E 

N.K. A. Ball & Disc Bearing ie 
National Co., Boston.. 

National Engineer, Chicago. . 


National Museum of Engineering 


National Regulator Co., 
National Tube Co., Pittsburgh. 


Neemes Foundry, Inc., 

ew eparture 0., 
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Product 


“Key” safety handhole caps and 
plates 


“Keystone” safety lubricating 
systems lubricants, grease 


“Dura-stix” bonding mortar 


“Mono” boiler baffles and fur- 
nace cements 

Soot cleaners and feed-water 
regulators 

Valves, packings, gage glasses 
“Korfund” cork plates for 
isolating machinery found- 
ations 


Self-priming centrifugal pumps 
Water-tube boilers 


Non-return valves, tube cleaners 
and specialties 


Lead-lined pipe and fittings 
Boiler-tube cleaners 


“Liptak” single and double sus- 
arches interleckirs 
urnace walls, bonding 
ledge block construction fcr 
air-cooled walls 


Damper regulators, reducing 
valves, stop and check valves, 
engine stop and speed-limit 
systems 


Cast-steel, monel mounted gate 
globe, check, non-return and 
blowoff valves: motor-oper- 
ated valves, boiler mountings 

“Lopuleo”’ pulverized-coal feed- 
ers and burners 


Chucks, drills, reamers, general 
tools 

Flat suspended boiler arches, 
“steel-mixture” veneer lining 
for furnace walls 

Boiler compound 

Self-priming centrifugal pumps 


Refractories 
Gages, “Consolidated” safety 
valves, ‘‘Reeves” variable 


speed transmission 


Furnace-wall coating 


indicator, hand stokers 


“Gurney” ball bearings 
educing valves, pump, pres- 
sure and damper regulators 
Pulleys, clutches, hoists 
Lubricated plug valves 
Scales and weigh larries 
Boilers, engines and blowers” 
Gaskets for steam, air, water 
and chemical services; monel 
metal and steel gaskets for 
high pressures 
Air filters and humidifiers 
Pipe and fittings 


Air filters, compressors, bulldog 
timber-joint plates 


Machine Tools 
Silent-chain drives 


Fuel-oil burners 

“‘Motoco” industrial thermom- 
eters 

Valves and fittings 


Compressors and pumps, re- 
turn-line systems 


Ball and disk bearings 
Water-column illuminators 


Regulators and specialties 
Pipe 


Furnace grates 
Ball bearings 


Bs 
Garlock Packing Co., Palmyra, 
317 
225 
91 
271 
86 
= 
24 
321 
557 226 
81 541 
88 
oy ea 502 Hofft, M. A., Co., Indianapolis, 40 
24 
81 258 
441 
423 
= 
Ess 
= 
93 is 
8B 
ait 93 
72 
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Booth No. 


341 
95-A 


484 
549 
234-235 


19 


324-325 
227 


505 


483-484 
219-220 


306 


420 
496 


89 


3 
292-293 

219 

25 

48 

316 

81 


548 


536 


215 
411 


332-333 


318 


Manufacturer 
Nicetown Ball Bearing Co., 
Nicholson & Co., 
Wilkesparre, PS. 


Niles-Bement-Pond Co., 


Nitrose Co., The, Peoria, Il.... 


Norma Co. of America. 
Long Island City, N. Y...... 


Northern Equipment Co., 
Norton Co., Worcester, Mass. 
Olsen, Tinius Testing Mch. Co.. by 


Orange Bearing Co., Orange, 


Otis Elevator Co., New York. . 
Payne Dean, Ltd., New York.. 


Peabody ka 
New York. . 


Pennsylvania Crusher Co., 
hiladelphia................ 
Perfection Grate & Supp!y Co., 
Springfield, Mass... 
Perolin Co. of America, Chicago 
Permutit Co., New York... 


Gear Works, Phila- 


Pittsburgh Valve Fdry. & Con- 
struction. Co., Pittsburgh... 


Porter-Richards Mchy. Co., 
Powell Co., Wm., Cincinnati... 
Power, New York............. 
_ 
Power Soechiey Co., New York 


Power Transmission Co., 
Pratt & Whitney Co., New York 
Preferred Utilities Co., Inc., 
Pyramid a Products Corp., 

Puller Mfg. Co., New York. . 
Queen’s Run _ Refractories Co.. 
Inc., Lock Haven, Pa....... 
Quigley Furnace Specialties Co., 
ew Yor 


Racine Tool & Mch. Co., 
Ramsey Chain Co., 
Ray Manufacturing Co., W. S., 
San Francisco, Cel.......... 
Raymond Bros. Pulv. 
Chicago, TH... ........- 
Reading Steel Casting Co., 
Bridgeport, Conn........... 
Reed Air Filter Co., Inc., 
Reliance Gauge Column Co., 
Ren Manufacturing Co., 
Winchester, Mass........... 


—— Flow Meters Co., 
hicago 


Research Engineeri Corp., 
New York 


Richardson Scale Co., 
Riley Stoker Co., Sanford, 


orcester, Mass............ 


Roberts Steam Specialty Co., 


Robinson John R., New York. . 
Rockford Machine Tool Co., 
Roekford, 
Roto Co., The, Hartford, Conn. 

S.K.F. Inc., 


“S-C” Regulator Mfg. Co., 
Fostoria, Ohio 


POWER 
Product Booth No. 
535 
Ball bearings 
Steam travs, three- and four- 336 
way controlling valves, steam 33 
specialties 
Machine tools 534-535 
Protective paints for metal sur- 
faces 
“Norma” ball bearings and 69 
“Hoffman” roller and ball 
bearings 
“Copes” feed-water regulators 255 
and pump governors 
Refractories 26 
Hardness testers static dynamic 
balancing machine, static 76 
weighing scales 
Bearings 
motor controllers 76 
el of passenger escalators 554-555 
valve control 
systems, station load indi- 
cators, turbine signal systems 28 a 
“Peabody” fuel-oil burning 
equipment 85 
Coal crushers and conveyors ™ 
Hand stokers 76 
Boiler-water treatment 
Water softening and filtering 
equipment ‘‘Ranaresc” indi- 
cating and recording CO2 28 
instrument 
Cut gears 
Laboratory equipment 
Motor and cylinder operated 
gate valves, steam separators 28 
and fittings 
Industrial locomotive 
Valves, fittings and specialties % 
‘Foster’ superheaters, econo- 
mizers, water-walls and water- 503 
backs 
532 
Ball-bearing equipment 
Machine tools 56 
229 
Oil-burning equipment 
“Pyramid” grates 27 
Firebrick and refractories 
“Hytempite” refractory ma- 
terial, high temperature in- 
sulation 
Machine tools 538 
Silent-chain drives 507 
Fuel-oil burning equipment 
Coal-pulverizing equipment 98 
Valves, fittings and specialties, 256-257 
Air filters 264 
“Reliance” forged steel water 28 
columns 
222 
Lamp locks and_ electrical 
specialties 560 
Meters for steam, air and gas; 
draft indicators and record- 95-A 
ers, pyrometers illuminated- 
dial load indicators, coal 499 
meters 
Motor-operated valves 498 
Automatic scales and weigh 497 
larries 497 
“Riley” underfeed  stoker, 505 
lateral retort stoker 412 
Water-columns, mount- 
ings, steam specialties 
Gaskets 45 
Machine tools and specialties 
Boiler-tube cleaners 
439 
“S.K.F.” ball bearings, shaft 
hangers and pillow blocks 
442-443 
Feed-water regulators, pump 
governors, drainage controls 533 


Manufacturer 
Safety Equipment Service Co., 
Cleveland 


Sandvik Steel, Inc., New York. 
Sarco Company, Inc., 


Schutte & Koerting Co., 
Philadelphia 


Scovill Manufacturing Co., 
Waterbury, Conn........... 


Seminole Chemical Co., Inc., 
New York 


i lex Valve & Meter Co., 


Skeen & Co., D. _ Chicago. . 
Skinner Bros. Mfg. Co., Inc., 


Smidth & Co., F. L., New York 
Smith Gas ‘Engincering Co., 


Smith & Masoull, Newark, N. J. 
Southern Engineer, Atlanta, Ga. 
Sowdon, ew York.... 


Spence Co., Paulsen, New York 


Springfield Boiler Co., Springfield 
Standard Steel & Bearings, Inc., 
Plainville, Conn............ 
Standard Water Systems Co., 
ering N 
tering 
Corp., Hyde 


& Equipment 
Park, Mass.. 


Stewart-Sayers Co., New York. 


Stroh Steel Hardening Process 

Superheater Co., The, New York 

Swartwout Co., "The, Cleveland 


Sweet’s Engineering Catalog, 
Tagliabue Mfg. Co., 
Brooklyn, N. Y 


Talcott, Inc., W. O. & M. W., 
Providence, 
Taylor Instrument Co.’s, 


Technical Publ. Co............ 


903 


Product 


Goggles and helmets, general 
safety equipment 
Steel belt conveyors 


Steam traps, radiator traps, 
temperature regulators 


Valves, evaporators, heaters, 
spray nozzles, condensing 
and oil-burning equipment 


tubes. 
emt 


Admiralty ge 
brass sheet, r i 
seamless tubing 


Method of cleaning boilers 


“Sharples” portable-centrifugal 
oil purifier 


Indicating and recording boiler- 
feed meters, indicating man- 
ometer 


Heating and ventilating apna- 
ratus 
“‘Lenix” belt drives 


Gas producers 

“Francke” flexible couplings, 
“Pintite”’ rigid couplings, 
“*Keytite” self-fitting keys 

Gages, high and low safety water 
columns, inclined water-gage 
columns, water-column illumi- 
nators 

‘‘Kantilever’” spring couplings, 
reducing and regulating 
valves, draft regulators 
sterling boiler feed systems, 


steam 
Water-tube boilers 
Ball bearings 
Evaporators and heaters 


“Sterling” boiler feed systems, 
lifting and separating traps 
“Northwestern” boiler-damper 
controls, natural draft con- 
trols, ‘Benz” compressorless 

diesel engine 


Ball bearings 

“*Elesco” superheaters 

Steam and oil separators and 
traps, exhaust heads, feed 
water heaters, return traps 


Engineering catalogs 


Indicating and recording ther- 
mometers, COg in- 
struments, fuel-oil shut-off 
valves, temperature andfpres- 
sure controllers, oil testing 
instruments and hydrometers 


Tools, supplies and accessories 


Indicating and recording ther- 
mometers, pyrometers, mer- 
eury column-vacuum and 
pressure gages, barometers 


Techno Service Corp., New York ‘“Borsig’’ valves, sludge pump 


Temperature Control Co., 


Thomas Flexible Coupling Co., 

Warren, Pa 

Thompson & Son Co., Henry G., 
New Haven, Conn.......... 


Tide Water Oil Sales Corp., 
New York 


Toledo Pipe Threading Mch. Co., 
Ohio 


Toledo, 


Toledo Scale Co., Toledo, Ohio. 
Topping Bros., New York..... 
Torchweld Equipment Co., 
Transmission Ball Bearing Co., 
Triplex Machine Tool Co., 
Uehling Instrument Co., 
Paterson, N. J 


Universal Coal Spreader Co., 


Universal Corp., 
Vacuum Oil Co., New York. . 


for power plants 
Temperature-control apparatus 
Steam traps 
Flexible shaft couplings 


Metal cutting machinery and 
tools 


Oils and greases 


Pipe cutting and threadin, 
machines, hand stocks an: 


ies 
Industrial weighin 


equipment 
Tools, supplies an 


accessories 
Welding apparatus 
Ball bearings 


Turning and boring; milling, 
drilling and cutting machines 


CO and CO, recorders, coni- 
bined barometer and vacuum 


recorders, pyros-porous gas 
filter 


“Universal” coal spreader for 
stoker hoppers 


Display and tool racks 
Lubricating oils and greases 


Sharples Specialty Co., 
N.J 
287 
262 
556 
13 
91 Ty 
343 
504 
42 
98 
20 
7 
wee 
Templeton Mfg. Co., Hyde Park, 
| 
240 
79 
» Ww 
= | 
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Booth No. Manufacturer Product 
244 Vasil Steam Systems Co., , 
Washington, D.C.......... Steam traps for heating systems 
17 Vincent-Gilson Engr. Co., 

blowers 
268-269-270 Vogt Machine Co., Henry, 
and fittings 
19 Vulcan Soot Cleaner Co., 
Du Bois, Pa... Soot cleaners 
221 Wailes Dove-Hermiston ‘Corp. ¥ 

Painis and enamels for metal 

surfaces 
266 Waite & Davey Co., 

Long Island City, N. Y...... Air-ccoled flat suspended fur- 
nace arches and _ furnace 
blocks 

250-251 Walsh & Weidner Boiler Co., : 

Chattanooga, Tenn......... Water-tube boilers 

308 to 311 Walworth Manufacturing Co., 

Globe and gate valves, fittings 

and specialties 
231 Warren Steam Pump Co., ' 

Warren, Mass.............- Vertical and horizontal duplex 
pumps, centrifugal boiler-feed 
pumps 

223-224 Webster & Co., Warren, 

feedwater heaters, 
packless valves, boiler return 
and vent traps 

309 Watts Regulator Co., 

Lawrence, Mass............ Feed-water regulators, damper 
and pressure regulators, pump 
governors 

99 Wayne Tank & Co., 

Fort Wayne, Ind... .. Qil-handling, storage and dis- 
pensing apparatus; water- 
softening equipment 

529 Westco-Chippewa Pump Co., 

Davenport, Iowa........... Deep-well plunger pumps, 

high - pressure single - stage 


pumps 
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Booth No. Manufacturer 


77 Wheeler Manufacturing Co., 
H., Philadelphia......... 


Product 


Condenser, radojet ‘air pump, 
dry vacuum pumps, dyna- 
motor for testing horsepower 
of prime mover 


64 Wheeler Condenser & Engr. Co., 

Condensers, evaporators, cool- 
ing towers, steam-jet air 
pumps, hotwell pumps 

557 Whitney Manufacturing Co., 


Hartford, Conn............ * Silent and roller type chain 
drives, keys and cutters, hand 


milling machines 


76 Williams Gauge Co., Pittsburgh ‘“‘Stets’’ boiler-feed controllers, 
gages, high and low-water 
alarm columns 

416-417 Wilson Welder & Metals Co., 

Inc., Hoboken, N. J......... Electric-welding apparatus 

61 Wing Manufacturing Co., L. J., 

ers, unit heaters and ex- 
hausters 

286 Wolff & Munier, Inc., New York Water-cooled grates for burning 


small-sized anthracite 


528 Wollmar Engineering Corp., 
Ball and disk bearings 

236 Wright-Austin Co., Detroit.... Steam and oil separators, steam 
and air traps, strainers, low- 
water alarms, steam spec- 
ialties 

259 “X” Laboratories, New York... ‘“X’’ Liquid for re em leaks 
in boilers and _ hot-water 
systems 

493-494 Yale & Towne Mfg. Co., 


Geared and differentia] blocks, 
electric chain hoists, indus- 
trial trucks 

7-A & Yarnall Waring Co., Philadelphia Motor-operated blowoff valves, 

V-notch meters, spray heads, 

steam traps, unloaders 


Preheating Fuel Oil for 
Diesel Engines 


By ROBERT A. MELROSE 


Fuel oils with an asphaltum base or having a low 
Baumé reading become viscous at low temperatures 
and often give trouble due to their tendency to solidify 
with consequent choking of the fuel pump and pipes. 
This condition makes itself manifest first in installa- 
tions where the service tank is below the fuel pump 
level, as the congealing naturally adversely interferes 
with the suction efficiency of the fuel pump. 

To counteract this difficulty several preheating sys- 
tems have been devised in order to insure that the oil 
will at all times flow freely and keep the fuel pump 
flooded—such as steam, electricity and exhaust gases 
from the engine itself. Each system depends to a 
great extent on the conditions prevailing at the parti- 
cular location in question for its ultimate economy, 
and it is sometimes advisable to install a combination 
of two of the designs mentioned; particularly is this 
the case when dealing with tar oil. 

Steam coils have been largely used with success, and 
furthermore, steam is easy to control and is usually at 
hand, as it is a practical certainty that there is a heat- 
ing boiler in the plant. It is preferable that the heat- 
ing coil be continuous, but this construction, although 
easily accomplished where the service tank is con- 
cerned, presents a problem when we take the storage 
tank into consideration, due to the fact that this tank is 
generally built on a generous scale. The reason for 
suggesting a continuous coil is, that, with the perver- 
sity of all things that are intended to remain tight, 
joints have a tendency to blow out at the most in- 
opportune moments. 

Where a waste-heat boiler is installed for heating 
purposes steam is an economical medium, but when 
starting from cold it would be necessary, assuming 
that there are no other engines running, either to have 
a connection from a heating boiler or start the engine 


on light oil and run until steam was raised on the 
waste-heat boiler. This method introduces some com- 
plications, as a diversity in the specific gravity, or 
Baumé reading, would alter combustion conditions con- 
siderably, inasmuch as a fuel valve set to handle tar 
oil would in all probability produce constant volume 
conditions with a light oil and consequent high increase 
of initial pressure. 

Electricity is rather a doubtful medium for fuel- 
heating purposes for the simple reason that a bare 
coil system may be designed not to exceed a certain 
temperature when new, but after having been in oper- 
ation for some time, owing to decrease of the cross- 
sectional area of the wire, the resistance increases, with 
the resultant increase in temperature. The objection- 
able consequences of this condition are obvious. The 
deterioration of the coils will be accelerated if there 
is a trace of acid in the fuel. Apart from the dis- 
advantages cited, electricity is rather expensive for this 
purpose and is, of course, out of the question in the 
case of an isolated plant when starting up cold. 

Preheating by means of the exhaust gases from the 
engine through a connection tapped from the main 
exhaust pipe is common and is generally satisfactory, 
but has the disadvantage that in the course of time car- 
bon is likely to accumulate to a greater or less extent. 
The installation should have the coil exhausting into the 
main exhaust pipe, preferably fitted with a simple type 
of aspirator to insure that circulation obtains through 
the coil. This method, of course, requires an auxiliary 
equipment for starting. 

In all cases it is advisable to have the service tank 
well above the level of the fuel pump, say with the 
bottom on a level with the engine exhaust manifold. It 
should be on an accessible platform and fitted with a 
gage glass either in one piece or in sections and a 
calibrated scale attached alongside marked off in gallons 
and tenths of a gallon. A better layout is to have two 
tanks with a cross-connection and fitted with a two-way 
cock. With this arrangement it is possible to pump up 
one tank when the other is in service and thus insure 
a more accurate reading of the fuel consumption. 
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Air Preheating Established 


GREAT deal remains to be learned in regard to the 

utilization in land practice of air preheaters. From 
the number now operating and on order, it is evident 
that the existence of sound reason for their installation 
is quite generally accepted as a result of experiments 
and calculations to date. 

Although air preheating offers an alternative to the 
economizer for the purpose of reclaiming stack losses 
and stage bleeding is also a competitor of the latter, 
inasmuch as it may be employed for raising condensate 
to boiler temperature, nevertheless a number of instal- 
lations have been designed lately in which air heaters 
follow economizers. An objection to heating condensate 
entirely by stage bleeding is that less can be gained 
at high temperature extraction than for the lower range. 
Conditions frequently make it more economical to sup- 
ply the last increment of feed-water heat from escap- 
ing stack gases, in preference to steam which has been 
partly expanded. 

Preheating without an economizer offers interesting 
possibilities, though not necessarily of major impor- 
tance. A flatter and higher efficiency curve that tends 
to result would encourage operation at higher ratings. 
This, of course, depends upon the ability of the fuel 
and furnace to withstand preheated air. In addition 
to the reclaimed heat a further benefit of combustion 
improvement may occur. Tests indicate a strong ten- 
dency to reduce the carbon content of the ash. In 
general, combustion and heat transfer are favored as 
well as the utilization of radiant heat and low-grade 
fuel. The type of furnace and nature of fuel, however, 
may be such as to militate against these advantages. 
As pointed out in tests made over forty years ago, 
preheating offers a worthwhile gain in efficiency due to 
heat reclaimed and improved combustion. In addition, 
where conditions make it possible to obtain a large 
degree of this gain, there are other circumstances con- 
tingent on air heating that may make it more beneficial. 


Some Aspects of Specifications 


PECIFICATIONS may be in effect a two-edged 
sword. They may increase costs materially, introduce 
complications that interfere with delivery and later on 
make it more difficult to obtain duplication except at 
exorbitant cost and expensive delay. Primarily, the 
function of a specification is to assure the purchaser 
that he obtains something of known material and work- 
manship to accomplish a given function in a given way 
within fairly close limits. It also protects the bidder 
and constitutes a common denomination for the com- 
parison of performance and cost where more than one 
bid is involved. 
Unfortunately, some engineers and purchasing agents 
feel it incumbent upon them to make their specifications 
as complex and complete as they know how. They in- 


troduce extraneous elements that have little or no bear- 
ing upon the ultimate purpose and serve only to in- 
crease the cost of bidding and make it the more difficult 
to meet the specifications. It costs money to draw up 
specifications just as it costs money to study them, bid 
on them and meet them. 

As many of the factors involved may have far- 
reaching consequences and interrelated influences, they 
deserve deliberate study. The manufacturer is often 
much better qualified to judge of these from experience; 
and at all times it may be somewhat presumptive as well 
as shortsighted for those drawing up the specifications 
to concern themselves with what they are not strictly 
fitted to pass judgment upon. Yet these same men, 
after including stipulations that carry with them an 
expense out of all proportion to their academic or prac- 
tical value, will often jeopardize their entire painstak- 
ing effort by inserting somewhere some such phrase- 
ology as “or its equivalent.” This often is done where 
some vital factor is involved, where perhaps radical 
improvements plainly urge the discretion with the 
manufacturer. 

Specifications are invaluable. They become either 
necessary or less necessary as standardization pro- 
gresses, according to the viewpoint and what is in- 
volved. At the same time they tend to hamper devel- 
opment and improvement because their very bases 
concern known and well-established processes, materials 
and applications. 

It will be found good practice to make specifications 
as short as possible, yet as ¢.mplete as necessary. 
Leave out nothing that requires to be in and include 
nothing that can be omitted. In other words, state the 
conditions concisely and to the manufacturer whose 
business integrity has been established, give some 
leeway in meeting requirements. Trust in his wider 
judgment gained from daily experience may result in 
material benefit. 


Periodic Testing of Motors 
Essential to Good Operation 


ERIODIC testing of power equipment is something 

that is generally recognized even though it may not 
be practiced as assiduously in many plants as it should 
be. In the better class of steam power plants they are 
run practically under test at all times. However, with 
electrical-motor equipment except in special cases, it is 
not necessary to have a daily record of operation, but 
the machines should be tested and records made every 
three or six months. Not only the motors, but also the 
machines that they are driving may get out of order 
and cause unnecessary power consumption or injury to 
the equipment. These defects generally can be detected 
and repaired if tests are made on a proper schedule. 
In this way excessive power consumption is prevented, 
repairs are made at a minimum cost, and most impor- 
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tant, costly interruptions to production may be pre- 
vented. 

Testing motors periodically brings to light a sur- 
prising lot of information that otherwise would prob- 
ably never be known. It also creates an incentive at 
regular intervals to study carefully the machine’s opera- 
tion in a way that could not be done without the data 
obtained from instruments. Not only does this apply 
to power consumption but also to tests of the machine’s 
insulation. ; 

Where a motor is driving a lineshaft from which a 
number of machines are driven by belts the tension 
in the belts may be made so great as to cause a con- 
siderable increase in power consumption, or additional 
machines may be added until the motor is over-loaded, 
without anyone being aware of the fact unless careful 
check is kept on operation. Pumps and compressors 
may take greatly increased power to do a given work 
unless the valves and thrust bearings are kept in proper 
condition. It is not an uncommon occurrence .for the 
thrust bearings on a centrifugal pump to have worn 
where they caused the motor to be overloaded and 
burned out before anyone realized that there was any 
trouble with the machine. 

On elevator machines not only the condition of the 
equipment but the quality and quantity of lubrication 
used has a marked effect on the power consumption. 
A grade of lubricant that wi!l give satisfaction in the 
warm season may be unsuitable during the cold period. 
Worn thrust or drum-shaft bearings on drum-type ma- 
chines may cause an increase of power. These are 
easily detected if proper records are kept of the ma- 
chine’s operation. 

To obtain the maximum results from tests, it is 
essential that careful record be kept of the informa- 
tion thus obtained. It is by comparing the records of 
one period with that of another that may show irregu- 
larities in machine operation that would pass unnoticed. 
In other words, periodic testing of motors is the only 
way to get thoroughly acquainted with the machines. 


The Muscles of Power 


HE “food” of power is the energy stored in fuel 

or falling water; its “muscles” are the metal tubes, 
rods, cylinders, pistons, etc., that guide this energy 
into useful channels. When the oxygen of the furnace 
air meets the furnace fuel, refractories must be ready 
to throw a fence around the fierce heat of the gases 
while the boiler is soaking it up. The boiler tubes 
must stand firm under an internal bombardment of 
steam molecules, as must the superheater, steam main 
and engine cylinder. The piston, sliding smoothly yet 
snugly in its cylinder, must transform this hail of 
molecules into a single moving force passing through 
piston rod and connecting rod to crank and flywheel. 
Or, if you will, the nicely curved surfaces of turbine 
blades must catch the energy of swiftly moving steam 
jets and deliver it through disks or drum to spinning 
shaft and generator. 

Wherever one looks in the power plant, these muscles 
are at work. None of them may fail if service is to be 
maintained. 

In the early days of power plants, and in fact up to 
recent times, all necessary requirements as to the 
strength of these muscles of power were met by a few 
standard materials: Wrought iron, cast iron and soft 
steel, with occasional applications for copper, brass, 


POWER 


Vol. 60, No. 23 


bronze, babbitt and tool steel—all of which had been 
available for years. After the energy had passed the 
boiler furnace, no temperatures were encountered at 
any point of the power cycle that appreciably weakened 
the materials used. The moderate forces existing were 
easily handled by taking care to supply enough metal in 
the proper place. 

This happy state no longer exists. During the last 
few years the eyes of engineers have been opened to 
the increased thermal efficiency obtainable by the use 
of higher steam pressures and superheaters. This at 
once raised the question of the effect of high tempera- 
tures upon the ultimate strength, elastic limit and yield 
point of metals, and particularly of the ferrous metals. 

The boiler tubes, being subject only to saturation 
temperatures, which are moderate even at very high 
pressures, did not present a difficult problem, but the 
materials available for superheaters, steam mains, 
valves, fittings, pipe joints and those parts of engines 
and turbines exposed to high-pressure superheated 
steam, bade fair to set a definite limit on the utilization 
of high temperatures. 

The first material to go by the board for high pres- 
sures and temperatures was cast iron, largely because 
of its low tensile strength and tendency to “grow.” 
It was generally agreed that steel must replace cast iron 
for all parts exposed to high pressures and tempera- 
tures. 

But that was just a start. 


There were many kinds 
of steel. 


Aside from ordinary low-carbon machine steel 


‘many alloys, developed for other purposes, were on the 


market. Their properties were studied, and it was 
found that by the use of the best available materials 
steam temperatures might safely be carried up to about 
750 degrees F. There the matter rests today. 

Advance beyond this point must evidently await the 
genius of the metallurgist. The problem is undoubtedly 
a difficult one, yet power-plant engineers will continue 
to hope that the metallurgists who have made such 
remarkable advances during the past twenty years, will 
not throw up the sponge at this obstacle. When the 
new metals are forthcoming, assuming that they are 
reasonable in cost and otherwise suitable for power- 
plant equipment, the power experts will undoubtedly be 
ready to throw the seven hundred and fifty-degree limit 
into the discard and pass on to an era of still higher 
efficiency. 


Those imbued with the true engineering spirit can- 
not but admire the bold stand for freedom of discussion 
taken by George Otis Smith in his address on Novem- 
ber 20 before the Metropolitan Section of the A.S.M.E. 
Doctor Smith, who himself is an ardent opponent of 
government ownership and operation, at the same time 
deplored the fact that the atmosphere at the World 
Power Conference was somewhat antagonistic to free 
discussion of the question by advocates of government 
operation. He took the position, which is hardly open 
to criticism, that if, as he thoroughly believes, the posi- 
tion of those opposed to government ownership and 
operation is fundamentally sound, it will not be hurt 
by permitting the other side to state its case. He 
knew of business men who expressed surprise when he 
included in a report a paragraph unfavorable to the 
cause he was advocating, but he hoped the day would 
never come when engineers would be classed as men 
who were afraid to look at facts from whatever source 
they might be derived. 
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Some Uses for Aluminum Bronze Powders 
in the Power Plant 


Aluminum bronze powders mixed with ordinary cup 
grease such as can be found in any engine room make 
an excellent paste, which can be used for many pur- 
poses. In our engine room we always have a can mixed 
ready for use. When we repack the engines we grease 
the packing thoroughly with the aluminum paste. It 
has been our experience that the packing lasts twice 
as long and is steam and water tight, with much less 
tension, and the rods take on a fine polish. 

We use asbestos gaskets wherever possible. These 
are always served with aluminum grease, and in no 
case have we had a leaky joint. We also use this grease 
for all pipe joints, whether steam, air or hot water 
and on the steam chest and cylinder covers of our 
engines. 

We mix the paste ourselves by hand, adding the 
aluminum to the grease till it is of the right consis- 
tency. SWINEY MORGAN. 

O’Fallon, II. 


Starting Synchronous Motor When 
Line Voltage Is Low 


Contrary to what is generally believed, a synchronous 
motor does not always take a heavy current from the 
line when starting. Slow-speed motors may take less 
current at starting on full voltage than high-speed 
motors will on part voltage. For example, a 1,000- 


of switch 


a 


a 


1 


Running side \ 


Taps Avto transformer 


Fig. 1—Compensator connections to reduce line volts 


Three-phase 
motor 


r.p.m. motor on 60 per cent line voltage will take about 
the same starting current as a 100-r.p.m. motor on full 
line voltage. Each will take about 225 per cent full- 
load current. 

A slow-speed 2,200-volt synchronous motor was in- 
stalled to drive an ammonia compressor, and when in- 
stalled, satisfactory starting was obtained on the high 
taps of the compensator. which gave about 80 per cent 
line voltage. As time went on, the voltage regulation 
of the line became very poor and it also became desir- 
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able to get a greater starting torque than could be 
obtained on 80 per cent of 2,200 volts. However, the 
line voltage at times was less than 1,900. Connecting 
the motor directly to the line did not give the desired 
results on account of the low voltage that was experi- 
enced. 

This difficulty was overcome by reversing the com- 
pensator connections so as to make it step the voltage 


To oi! switch 


Running side if 


Switch cylinder 
Starting side 


Avto-transformer 


Fig. 2—Compensator connections to increase line volts 


up instead of down. The connections before and after 
the change are shown in Figs. 1 and 2 respectively. 
The connections on the auto-transformer coils were 
reversed so as to obtain the lowest boosting tap, which 
gave about a 20 per cent increase in voltage. When 
the voltage of the line was above 2,000 volts, the motor 
was started directly from the line by throwing the 
compensator to the starting position before closing the 
line oil switch. Starting, with the line voltage less 
than 2,000, was done by first closing the oil switch 
and then throwing the compensator to the starting posi- 
tion, which boosted the voltage. On account of the 
increased drop in the line the voltage at the motor 
terminals at starting was in no case much above normal 
rating. A. A. FREDERICKS. 
Philadelphia, Pa. 


Measuring Condenser Leakage 
with a Megger 


The conductivity method of condenser leakage de- 
termination is not new, but has been used for some 
time by stations using sea water for cooling water in 
condensers. Owing to the great difference in conduc- 
tivity of the sea water and the condensed steam, the 
leakage can be easily determined with reasonable ac- 
curacy. However, in the inland plants the conductivity 
of the river water used for condenser cooling is so low 
that an improvement on the ordinary method is re- 
quired to obtain the desired accuracy in results. 

As is generally known, even the purest water is 
slightly conductive to electric currents. Due to the 
gases and other matter carried into the condenser with 
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the steam, the water condensed from the steam is even 
somewhat more conductive than pure water. To de- 
termine accurately the condenser leakage, it is there- 
fore necessary to have a sample of the condensed steam. 
This sample is collected in a small condenser which is 
attached to the exhaust section of the turbine. Fig. 1 
shows how the connections to the turbine are arranged. 
Condensers of this type can be purchased for about $9. 
The inlet a of the coil is connected to the second 
from the last stage steam supply, and the outlet d of 
the coil to the exhaust section of the turbine, to insure 
a circulation of steam through the coil. The necessary 
cooling-water supply is furnished through the connec- 
tions b and c. At ea flask is conected as shown, for 
the collection of the sample. 

Samples should be obtained both of the condensed 
steam and of the condensate from the main condenser 
at the discharge side of the condensate pumps. These 
two samples should be taken one after the other as 
rapidly as possible and preferably at a time when the 
station load is not likely to vary. The cooling water is 
also to be sampled at this time. 

The conductivity of all these samples is then de- 
termined by the use of the apparatus shown in Fig. 2. 
The glass tube used is preferably of pyrex glass which 
has been allowed to stand for two days in distilled or 
other low-conductivity water before it is first placed 
in service. 

In each end of the tube rubber stoppers are fitted, 


--Flaotinum 
co// 


- “Rubber 
S7opper 


Fig. 1—Coil for condens- 
ing steam samples 


Fig. 2—Tube for meas- 
uring conductivity 


through which a short piece of No. 24 B & S gage 
platinum wire is inserted and formed into a small coil 
on the inside end of the stopper. The glass tube should 
be of such length that the distance between the ends 
of the platinum coils in centimeters will be just one 
hundred times the inside area of the glass tube in 
square centimeters. 

The scale on the megger that is used is graduated 
to show the resistance in megohms. By using a length 
to area ratio of 100, the megger readings can be con- 
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verted into specific conductivity by dividing 100 by the 

actual megger reading, the conversion equation being 
Specific conductance in micromhos = 
R 

resistance water column in megohms 

in which R is the ratio of length to area of the water 


Micromhos 
\ 


05 1.0 15 20 25 3.0 35 
Per Cent Circ. Water to Condensed Steam in Mixture of Both 


Fig. 3—Method of determining actual leakage 


column. The specific conductivity is that of a centimeter 
cube. 

From the specific conductivity of the three water 
samples a first approximation of the per cent leakage 
— Cc. 
Cr — Ce 
where P is the ratio of circulating water to condensed 
steam, C. is the conductivity of condenser condensate, 
C, is the conductivity of condensed steam, and C, is the 
conductivity of river water. 

A mixture of condensed steam and circulating water 
should then be made having the same ratio of cooling 
water to condensed steam as was given by the solution 
of the foregoing equation. If this mixture has the 
same conductivity as the main condenser condensate 
water, the percentage of condenser leakage is the same 
as the ratio of circulating water to condensed steam in 
the previously made mixture, expressed as a percentage. 

If, as is probable, the conductivity of the mixture is 
greater than that of the condenser water (condensate), 
a new sample should be made having a slightly s:.aller 
percentage of circulating-water content. As the con- 
ductivity of a solution varies almost directly with the 
temperature, care should be taken that all determina- 
tions on the solutions are run at the same temperature. 

When two samples have been made up, one of which 
gives a higher and the other a lower conductivity than 
that of the main condenser condensate, the percentage 
of leakage can be determined by plotting these two con- 
ductivity values against the percentage of circulating 
water in the respective mixtures, as shown in Fig. 3. 

After the operator has had some experience making 
leakage determinations, he will not need to work out 
the equation for the first approximation of the leakage, 
as he will be able to estimate an approximate value for 
use in making up the first test without the use of the 
equation. 

In cases where it proves impossible to determine the 
circulating-water conductivity, it will be somewhat 
more difficult to arrive at a first approximation of the 
leakage for use in making the first trial mixture of 
circulating water and condensed steam, but the leakage 
determination, when finally arrived at, will be none the 
less accurate. HAROLD EDWARDS. 

New Kensington, Pa. 
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Comments from Readers 


Boiler-Room Logs 


In the issues of Power for Sept. 23 and Oct. 7 are 
interesting articles on the use of boiler logs. I have 
always advocated the use of logs for different pur- 
poses, and I started a daily and monthly log sheet for 
the boilers at this central as soon as I took over the 
duty as first assistant engineer. Reproductions of these 
log sheets are shown in Figs. 1 and 2. 

The boiler-room log that is written up every day gives 
information regarding the boilers in use, time cut in 
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BOILER RECORD 


CHAMBER WORKING 
Day CUT IN cuT ouT CLEANEO HOURS REMARKS 


Fig. 1—Monthly log sheet 


or out, number of hours in use, and if out of regular 
turn, why they were cut out and the work necessary 
to put them on the line again. This information is 
then transferred to a boiler log sheet, one being used 
for each boiler so that the number of hours in service, 
time cut in or out, chambers cleaned, and all repairs 
can be recorded in detail as may be required. 


As we use nothing but bagasse for fuel, we do not 
log the amount of fuel burned. However, I think much 
of the data suggested by John L. McCarty in the Oct. 7 
issue should be included in the daily log and transferred 
later to the individual boiler logs. If the equipment is 
at hand for measuring the fuel and water to each boiler, 
these items should be included. 

Either the card, loose-leaf or regular book can be used 
for the purpose, but I would suggest either the loose-leaf 
or card for the monthly or individual boiler report, and 
a book for recording the daily operation, as the items 
can then be put down as they happen or at the end of 
the day, and later transferred to the monthly log when 
one has the time. This arangement obviates the neces- 
sity of reading through the daybook to know the his- 
tory of a particular boiler, as all the details are finally 
recorded on one sheet or card. EDWIN C. BLISss. 


Central Elia, Cuba. 


The Revival of Air Preheating 


Referring to the article in the Nov. 11 issue of Power, 
entitled “The Revival of Air Preheating,” I am wonder- 
ing if the mention of an air heater that was tested 
“about forty years ago” refers to the one tested by the 
late J. C. Hoadley for the New England Cotton Manu- 
facturers Association during 1882. 

Mr. Hoadley, in his very exhaustive tests, sums up 
the results of preheating as between 9 and 15 per cent. 
If this is right, why has this process not become more 
prominent? As an advocate of preheated air for years 
before Mr. Hoadley’s tests were made, I think this 
question can be answered in the light of experience. 
It has been mentioned in articles that have appeared in 
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Fig. 2—Daily log shows number of boilers in service and details of operation 
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Power from time to time, but none of them have gone 
far enough to fully answer the question. 

In the first place, the device for preheating the air, 
as tested by Mr. Hoadley, was expensive to construct 
and maintain. The same might be said about the ap- 
paratus for handling the air after preheating. Fur- 
thermore, is it not possible that the preheated air was 
introduced at the wrong place? It is my opinion that 
it should have been introduced above the grate rather 
than below it. 

The question for the steam user, when asked to in- 
vest in some device that will reduce his coal bill is 
“What net returns do I get on my investment?” and 
this question is of such far-searching effects that it is 
difficult to follow to a satisfactory conclusion. How- 
ever, assuming that the customer has been guaranteed 
a saving of 10 per cent on his coal bill and that an 
evaporation test has shown that the guarantee will be 
fulfilled, it does not assure him that the operating 
costs of his power department will not be increased. 
Upon investigation he is likely to find that the costs of 
maintenance and other overhead charges have wiped 
out the gains that he anticipated from increased evapo- 
ration. As an illustration, take the case of the so- 
called Thompson boiler which on tests made by well- 
known experts, showed such remarkably high efficiency 
that it caused much comment. Why was this boiler 
never put on the market? Was it not because of the 
revolving grate that was carried on ball bearings and 
the excessive cost of maintenance? 

Recently, technical publications have devoted con- 
siderable space to the subject of air preheaters, but 
they do not lead to a proper understanding of this sub- 
ject. The important question is, What has it cost to 
get this higher efficiency? 

However, there is a method of obtaining preheated 
air without any expensive apparatus. This can be done 
with an appliance that any fairly good mechanic can 
readily construct. As Power has frequently referred 
to this matter and published illustrations of it, there 
is no need of saying more about it at this time, except 
to advise any who may be interested in this matter to 
look up their old copies of Power and learn the rea- 
son why. W. H. ODELL. 

[Undoubtedly, the method mentioned by Mr. Odell 
in the last paragraph refers to the one illustrated and 
described in the Jan. 11, 1911, issue and reproduced in 
the Feb, 12, 1924 issue.—Editor. ] 


Arrangement for Taking Flue-Gas Samples 


In the Oct. 21 issue M. S. Gerend describes an 
arrangement for drawing flue-gas samples from any 


one of twelve boilers. This scheme is no doubt very 
good where a large number of boilers are in operation, 
but in our plant, where the flue-gas analysis is used 
only as a periodic check on the boiler meters, a much 
simpler arrangement has proved satisfactory. 

A piece of *s-in. O. D. copper tubing is used to carry 
the gas from the boiler to the aspirator and Orsat. 
Inside the boiler the tube is supported in a }-in. iron 
pipe placed in a sleeve in the boiler wall as shown. 
The tube goes into the boiler in the last pass just under 
the damper and is made to reach halfway across the 
boiler into the middle of the gas stream. The copper 
tube extends beyond the end of the iron pipe about 6 in. 
and is bent down to avoid drawing any air that may 
enter through the iron pipe. 
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The aspirator is made from pipe fittings and is 
operated by compressed air. In one position of the 
three-way cock the Orsat is cut off and the aspirator 
draws the flue gas and discharges it into the air. This 
keeps fresh gas in the tube at all times. By turning 
the cock to the opposite position, the aspirator is cut 
off and the Orsat is connected to the tubing and a 
sample is drawn in by lowering the leveling bottle. At 
intervals the end of the 4-in. discharge of the aspirator 


Plug and,’ 


Arrangement of Orsat and aspirator connections 


is capped and the compressed air is discharged through 
the copper tube to blow it free of dust. 

The aspirator is suspended from the *s-in. copper 
tube and the Orsat and air connections are made with 
rubber hose. This arrangement has proved satisfac- 
tory because of its simplicity and because the time lag 
is reduced to a minimum. C. N. HUTCHINSON. 

Albany, N. Y. 


Preheating of Boiler-Feed Water 


There are two general ways of preheating boiler- 
feed water—by using an economizer and by preheating 
with steam. It is at least confusing to consider an 
economizer as a separate part of the boiler and to call 
this heating-surface a preheater for feed water. 

The boiler-heating surface, as well as the so-called 
economizer surface, has the purpose to transmit heat 
from the flue gases to the water. The difference is 
that the economizer tubes are completely filled with 
water, while the boiler tubes are partly filled with 
steam. There is a wide difference of opinion as to the 
proper division of the heating surface of a boiler. One 
manufacturer, who perhaps does not furnish cast-iron 
economizers, may designate 80 per cent of the whole 
surface as boiler surface and the remaining 20 per 
cent as economizer surface, while another might place 
these at 60 and 40 per cent respectively. In both cases, 
when calculating the boiler ratio, the boiler-heating 
surface only is usually considered, which results in a 
higher ratio in the latter case, although the amount of 
steam generated will be the same in both cases. 

For any two boilers, one with an economizer and one 
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without, but with the same total neating surface, the 
same diameter of tubes and equal stokers on which 
the same amount of coal is burned, the difference 
in the amount of steam generated will depend prin- 
cipally on the furnace design, the amount of heat 
transferred by direct radiation from the furnace and on 
the water circulation. Furnaces equipped with wall 
water screens have given boiler ratings up to 600 
per cent. 

It is my opinion that any heating surface that 
absorbs heat from the gases, be it economizer surface, 
superheater surface, air-preheater, furnace-wall water 
screens or a waste-heat coal drier, should be considered 
as boiler surface and included when determining the 
rating. These surfaces, of course, must be converted 
into equivalent water-tube surface, and this conversion 
can be done only approximately. The factor for the 
conversion of air-preheater surface to water-tube 
surface will be about 1 to 3, or 3,000 sq.ft. air- 
preheater surface would correspond in thermal efficiency 
to about 1,000 sq.ft. of water-tube surface. The price 
of an equivalent air preheater and economizer will be 
approximately the same. H. COERPER. 

New Dorp, Staten Island, N. Y. 


Correction of Bourdon Pressure Gage 


The answer to the question of “J. B.” in the Sept. 
30, issue regarding Bourdon gages appears to me to be 
rather vague, and the following explanation is therefore 
submitted: 

A Bourdon gage is so constructed that an error that 
increases constantly with uniform increments of pres- 


Fig. 1—Adjustment is made by sliding lever on sector 


sure can be easily eliminated. The mechanism is readily 
exposed for adjustment by removing the glass front, the 
pointer and the graduated dial of the gage. A pointer 
jack should be used for removing the pointer, thus 
avoiding any possibility of bending the spindle. 

The two general types of Bourdon gages in use are 
the single-tube and the double-tube. In these types the 
connection of the pointer to the gage tube is by some 

form of adjustable gear and lever mechanism. In the 
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single-tube gage this adjustment, lettered E on the 
sketch, Fig. 1, is generally one of three forms: (1) A 
slotted arm of the sector in which the end of the con- 
necting link A from the gage tube can be moved; (2) 
a cam motion at end of the sector arm to which 
lever A is attached; (3) a separate sector arm C that is 
fastened to the sector B by screws, this separate arm 


Fig. 2—Gage reading is corrected by chanying adjust- 
ment of short or long arm 


being slotted for the pivot pin. Thus a change by any 
of these methods will change the leverage E, which will 
cause a slower or a faster movement of the pointer for 
any uniform increment of pressure. 

In the double-tube type there are two adjustments as 
shown in the sketch, Fig. 2, one in the short arm and 
one in the long arm. The uneven variation that cannot 
be taken care of in the single-tube gage may be to some 
extent eliminated in this type, as in a case when the 
pointer increases too fast in the upper range of the 
gage and too slow in the lower range. One or both of 
the adjustments may need altering before the gage 
hand or pointer will run up evenly with that of the test- 
ing device. 

A hairspring on the pivot pin is generally used to 
take care of any lost motion in the gear or leverage and 
also helps to dampen out slight vibrations. 

The pointer should not be replaced upon its spindle 
until a pressure sufficient to give a reading of the gage 
near the center of its range has been applied to the 
gage tube. This pressure being known, the pointer 
should then be pressed upon its spindle at a point on 
the dial corresponding to the known pressure. A num- 
ber of trials may be required before a satisfactory ad- 
justment can be obtained. 

Errors at the lower and the upper limits of the gage 
are common and may be expected. Gages should be 
made to read as accurately as possible through the 
center of their range. For this reason they should be 
chosen so that the working pressure will be near the 
middle of their range. This will insure maximum 
accuracy. GLENN E. NICHOLS. 

Rochester, N. Y. 
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Size of Connection for Heating Unit 

The manufacturers of a fan heating unit inform us 
that a 3-in. main is sufficient for supplying the unit 
with exhaust steam. The unit is provided with a 3-in. 
inlet on each side. Could not the size of inlets be 
smaller ? M. J. M. 

It is possible that the purpose of the manufacturers 
is to furnish an inlet on each side of the heater for 
use only of the one which is better adapted to the 
location. If the heater is to be supplied through both 
of the inlets, under ordinary conditions two 23-in. 
connections should be ample. However, connections 
smaller than those provided should not be used without 
consulting the manufacturers. 


Galvanizing Cast Iron 


What is the process of galvanizing cast-iron pipe 
fittings? R.N. 

First cleanse the piece thoroughly by immersing it 
for a few hours in a bath of 1 part of muriatic acid 
and 2 parts of water. Then remove the fitting and 
scrub thoroughly with a brush and fine sand, after 
which wash with hot water. When clean, dip the piece 
in a hot solution of 4 lb. of sal ammoniac to a gallon 
of water, after which dry thoroughly and dip the 
fitting in a bath of molten zinc. The zinc bath used 
for galvanizing should be so heated that it wil! have 
a clear shining surface. The dross should be skimmed 
off and a little sal ammoniac should be occasionally 
sprinkled over the surface of the molten zinc to keep 
it clear. 


Greater Speed Required for Feed Pump 


In our plant there is a duplex feed pump that sup- 
plies water-tube boilers. Of late the pump must be run 
considerably faster than formerly. Why must the pump 
be speeded up when the boilers are carrying the same 
load? A. H. S. 

For the same rate of discharge the pump would 
have to run at higher speed if there is greater slippage 
from leakage of the packings of the water pistons or 
greater leakage of the suction or discharge valves. 
The useful piston displacement will be reduced and a 
higher speed will be required for the same discharge 
if the cylinders are not filled with water during a 
suction stroke, due to choking of the suction line; 
failure of suction valves to open wide enough; too much 
suction lift, or from taking in air along with the suc- 
tion water, or if the pump becomes airbound from air 
liberated out of the suction water becoming pocketed 
in the pump cylinder or water passages. The presence 
of air in the cylinder usually is shown by a short jump 
of the piston or plunger at the beginning of a stroke. 
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Conducted by Franklin VanWirkle 


Quality of Steam from Steam Tables 

When the temperature and pressure of exhaust from 
a steam turbine are known, cannot the quality of the 
steam be determined from tables of properties of steam? 

The temperature of steam that contains entrained 
water is the same as the temperature of dry saturated 
steam of the same pressure, so that the percentage of 
moisture cannot be known without making a calorimeter 
test to determine the number of B.t.u. per pound of 
the mixture. This should be done even if the corrected 
thermometer reading is very close to the saturation 
temperature. Hdwever, when the corrected thermom- 
eter reading is well above the saturation temperature 
corresponding with the pressure, clearly indicating that 
the st¢dam is superheated, the heat per pound and other 
properties may be obtained from tables which quote 
properties of superheated steam of the given pressure 
and temperature. 


Unequal Lap of Valve of Single-Valve Engine 

Why is more steam lap of the valve required for the 
head end than for the crank end on a single-valve 
engine? W.L.B. 


On account of the angularity of the connecting rod 
there is a larger number of degrees of rotation of the 
crankshaft for any fraction of stroke of the piston from 
the head end of the cylinder than from the crank end, 
and in comparison the angularity of the eccentric rod 
is very small. With the same lap for each end of the 
valve, the angular movement of the crank and eccentric 
necessary to accomplish cutoff would occur later in a 
stroke from the head end of the cylinder than in a 
stroke from the crank end, and to more nearly equalize 
the cutoff more valve lap is required for the head end. 


Setting Valves of Double-Eccentric Corliss Engine 


What is the method of setting the valves of a double- 
eccentric Corliss engine? L. H.N. 

First remove the back bonnets from the valves. A 
mark made by the engine builder will be found on 
cach valve corresponding with the opening edge of the 
valve, and upon the seat or the bottom of the valve 
chamber a mark will be found corresponding with the 
opening edge of the port.. 

Have the dashpot rods sufficiently shortened to pre- 
vent the pistons from striking when the engine is 
turned over. Turn the eccentrics clear around the shaft 
and observe whether each rocker arm swings an equal 
distance each side of a plumb line held in front of its 
fulcrum pin, and if not, equalize the motions by adjust- 
ing the lengths of the eccentric rods. Then observe 
whether the central mark on the wristplate swings an 
equal distance on each side of the middle mark on the 
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wristplate stud. If not, make the distances equal by 
adjusting the lengths of the reach rods from the rock- 
ers to the wristplates. If there is no such adjustment 
of either reach rod, the equalization must be made by 
adjusting the length of the eccentric rod. Although 
such adjustment of the eccentric rod may cause the 
rocker to swing unequally on opposite sides of its ful- 
crum pin, considerable variation in this respect will not 
materially affect operation of the valves, when there is 
equal travel of the wristplate on each side of its cen- 
tral mark. 

Now detach both of the reach rods, and with the 
governor resting on the stop-motion pin or collar, place 
the wristplates in central position. Then with the steam 
valves hooked on, lengthen or shorten the valve rods 
with rights and lefts to the steam and exhaust valves, 
so the edges of the valves will be in line with the open- 
ing edges of their ports. Reconnect the reach rods, 
place the engine on a dead center, hook on the steam 
valves, and roll the steam eccentric on the shaft ahead 
of the crank in the direction the engine is to run until 
the valve.that should admit steam begins to open, and 
temporarily secure the steam eccentric to the shaft. 
Then place the engine on the other center and if the 
steam valve of that end is not line on line with its port, 
adjust it to that position with the right and left of 
the rod to that valve. 

To set the exhaust eccentric, place the piston at about 
% stroke and advance the exhaust eccentric until the 
exhaust valve on the end the piston is approaching is 
nearly closed. Then turn the engine over in the running 
direction until { of the opposite stroke is completed, 
and note whether the exhaust valve is nearly closed. 
If not, bring the valve to closing position by adjust- 
ing the length of the valve rod. Adjust the length of 
the dashpot rods by putting the steam-valve wristplate 
at the extreme travel, first to one side and then the 
other and adjust the length of each rod so that the 
hook or crab claw just engages and clears the block 
about * in. For cutoff later than one-half stroke, the 
steam eccentric now must be set back of the 90-deg. 
position and the lead must be adjusted by the valve rods 
giving negative lap when the wristplate is in central 
position. If the eccentric is set much behind the 90-deg. 
position, the governor must be blocked in stopping, so 
that the cutoff will trip at the extreme range and 
not depend on positive cutoff at full stroke. 

To equalize the cutoffs, block the governor at the 
average running position. The governor reach-rod 
lever then should stand at about right angles to the 
governor reach rod, or where there are two reach rods, 
it should stand at about right angles to a line drawn 
midway between the rods. Now place the piston at 
about one-third stroke from the crank end and adjust 
the governor reach rod to the valve at that end so the 
‘valve will be just tripped. Then place the piston at 
the same length of stroke from the other end and ad- 
just the reach rod to obtain tripping of the valve at 
that end. 

After the cutoffs are equalized, drop the governor 
to its lowest point and set the safety cams so they will 
prevent the valve from being picked up before the port 
is uncovered, but not so low that the valves may not 
be picked up when the governor is on the starting pin 
or collar. Also block up the governor to its highest 
yosition and see that the valves are not opened for that 
position, which would result from overspeeding of the 
engine in case of sudden loss of the load. 
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Measuring Velocity of Water with Pitot Tube 


What is the formula for determining the velocity of 
water in an open stream or a pipe by means of a pitot 
tube? W. &. 

When the small opening of the pitot tube is directed 
against the current in an open stream, as indicated in 
Fig. 1, the water rises in the vertical leg of the tube 
to such a height h ft. above the surface of the water 
that the velocity v ft. per sec. would be attained by a 


2 
body falling through the height h giving h — A and 
therefore v = \V/2gh, where 

v = Velocity of water received in impact against 


the tube opening, in feet per second; 
Acceleration of gravity — 32.16; 

Height in feet to which the water rises in 
the tube above the surface of the stream, 
or head in feet that corresponds to the 
velocity v ft. per second. 

When a pitot tube is inserted in a pipe with water 
flowing under the pressure head h, Fig. 2, the water 
rises to a height P above the height O to which it 
rises in an open column or piezometer connected to a 


= 
h= 


h Ht 


Fig. 1—Pitot tube 
used in open stream 
measurement pipe 


Fig. 2 — Used to 
determine velocity in 


small hole in the wall of the pipe. In that case the 
pitot tube shows the sum of the pressure head and 
2 


velocity head, and the velocity head is hy = he or 
v=: V2gh.. 

The sides of the opening of the submerged end of 
the pitot tube should be a surface of revolution, and 
for measuring pipe velocities, the height h, should be 
observed with the submerged end held in different parts 
of the pipe section to obtained the average value for h,, 
which ordinarily will be about three-tenths of the 
radius of the pipe from the interior. In measuring 
pipe velocities care should be taken that the surface 
of the pipe at A surrounding the opening for the 
piezometer should be smooth and in line with the gen- 
eral pipe surface. The size of the opening for the 
piezometer may be no more than 4 in. in diameter, and 
the tube itself, about 4-in. bore, may be inserted in a 
bushing or other convenient fitting made smooth and 
flush with the inside of the water pipe. 


[Correspondents sending us inquiries, should sign 
their cOmmunications with full names and post office 
addresses. This is necessary to guarantee the good 
faith of the communications.—Editor. ] 
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Table of Engineering Constants 


NISTING engineering handbooks 

are remarkably complete in the 
matter of engineering constants; 
this table does not pretend to com- 
pete with them in their natural 
field. It frequently happens, how- 
ever, that the reader of technical 
journals and books runs across a 
constant, the meaning of which is 
not clear to him. Often there is no 
clue to aid him in locating it in the 
engineering handbooks. On _ this 
sheet a large number of the more 
important constants are arranged 
numerically (regardless of the posi- 
tion of the decimal point) so that a 
given constant may be _ located 
almost instantly. An asterisk (*) 
means that the constant is exact as 
far as given, being generally either 
a mathematical constant or one fixed 
by definition. Where the first con- 
stant given is followed by another 
in parenthesis, the first is the round 
number ordinarily used and the sec- 
ond the more exact value. 


0* deg. C. = freezing point of water 

1 = atomic wget. hydrogen 

100* deg. C. = boiling point of water 
at atm. press. 

10.764* sq.ft. = 1 sq. meter 

0.1134 hp. = available water power 
from 1 cu.ft.-see. falling 1 ft. 

1.134 ft. water at 62 deg. F. = 1 in. 
Hg. at 62 deg. F. 

1,150.4 B.t.u. = Total heat sat. steam 
at atm. press. 

11.52 lb. = theoret. air to burn 1 Ib. 
carbon 

12 = atomic wet. carbon (C) 

12.387 cu.ft. = vol. 1 Ib. air at 32 
deg. F. and 14.7 lb. per sq.in. 

12.52 lb. = wet. theoret. combustion 
products from 1 Ib. C. 

1,273,239* circular mils = 1 sq.in. 
13.144 cu.ft. = vol. 1 lb. air at 62 
deg. F. and 14.7 lb. per sq.in. 

1.3410 hp. = 1 kw. 

14 = atomic wet. nitrogen (N) 

1.406 = y= ratio of C, to C, for air 

1.4142* = square root of 2 

14.223* lb. per sq.in. = 1 kg. per 
sq.cm. = 1 “metric atmosphere” 

144* sq.in. = 1 sq.ft. 

144(143.15) B.t.u. = latent heat of 
fusion of ice 

14,600 B.t.u. per Ib. = Cal. val. of 
carbon (C) 

14.7 (14.696*) Ib. per sq.in. = atm. 
press. 

16* ounces = 1 lb. 

16 = atomic wgt. oxygen (0) 

0.1689 = C,, for air 

0.017138* grams per liter = 1 grain 
per gal. 

17.138* ppm = 1 grain per gal. 

1,728* cu.in. = 1 cu.ft. 

1.7321* = square root of 3 

1.8* B.t.u. per lb. = 1 kg. calorie 
per kg. 

1.8* Fahrenheit degrees = 1 Centi- 
grade degree 

18 = mol. wgt. water (H.0) 


2,000* lb. = 1 short ton 

2.0355 in. Hg. at 32 deg. F. = 1 Ib. 
per sq.in. 

2.0416 in. Hg. at 62 deg. F. = 
per sq.in. 

2,116.3* lb. per sq.ft. = atm. press. 

212* deg. F. = boiling point water 
at atm. press. 

2.2046 lb.* = 1 kg. 

223.8* x sq. root adiabatic heat drop 
= theoret. vel., ft. per sec., of 
steam expanding through nozzle 

2,240* lb. = long ton 

2.3026* x logwa = log,a 

2.309 ft. water at 62 deg. F. = 1 
Ib. per sq.in. 

231* cu.in.. = 1 gal. 

0.2375 = C, for air 

2.54* cm. = 1 in. 

2,545 (2,547) B.t.u. per hr. = 1 hp. 

2.666 lb. = wgt. oxygen required to 
burn 1 lb. carbon 

27* cu.ft. = 1 cubic yard 

—270 deg. C. = absolute zero 

2.7183* = e = base hyperbolic logs. 

27.71 in. water at 62 deg. F. = 1 
lb. per sq.in. 

277.274 cu.in. = 1 British gal. 

28 = mol. wet. nitrogen gas (N:) 

28 = mol. wet. carbon monoxide 
(CO) 

28.8 = equivalent mol. wet. of air 

288,000* B.t.u. per 24 hr. = 1 ton 
of refrigeration 

29.921* in. Hg. at 32 deg. F. = 
atm. press. 

3* ft. = 1 yard 

30 in. Hg. at 62 deg. = atm. press. 
(very closely) 

3.1416* = w (Greek letter “pi”) = 
ratio circumference of circle to 


1 Ib. 


diameter = ratio area of circle 
to square of radius 
32* deg. F. = freezing point of 


water = 0 deg. C. 

32 = atomic wet. sulphur (S) 

32 = mol. wet. oxygen gas (0;) 

32.5* gal. = 1 barrel 

3.2808* ft. = 1 meter 

33,000* ft.-lb. per min. = 1 hp. 

33.947 ft. water at 62 deg. F. = atm. 
press. 

8,415 Bt.u. = 1 kw.-hr. 

3.45* Ib. steam “f. & a. 212” per 
sq.ft. per hr. = rated boiler 
evaporation 

34.56 lb. = wet. air to burn 1 Ib. 
hydrogen (H) 

35.314* cu.ft. = 1 cu. meter 

3.785* liters = 1 gal. 

39.37* in. = 1 meter = 100 cm. 

3.9683* B.t.u. = 1 kg. calorie 

4,000 B.t.u. (4,050) = cal. val. of 
sulphur (S) 

4.32 lb. = wet. air req. to burn 1 Ib. 
sulphur (S) 

0.433 lb. per sq.in. = 1 ft. of water 
at 62 deg. F. 
44 = mol. wet. 

(CO.) 

0.45359* kg. = 1 Ib. 

—460(459.6) deg. F. = 
zero 


earbon dioxide 


absolute 


0.47 B.t.u. per pound per deg. F. = 
approx. specific heat of super- 
heated steam at atm. press. 

0.491 lb. per sq.in. = 1 in. Hg. at 
62 deg. F. 

5.196 lb. per sq.ft. = 1 in. water at 
62 deg. F. 

5,280* ft. = 1 mile 

53.32 = R, for air, in equation: 
PV = MRT 

550* ft.-lb. per sec. = 1 hp. 

57.296* deg. = 1 radian (angle) 


58.349* grains per gal. = 1 gram 
per liter 

59.76 lb. = wet. 1 cu.ft. water at 
212 deg. F. 


61.023* cu.in. = 1 liter 

62,000 B.t.u. = cal. val. (higher) 
hydrogen (H) 

0.62137* miles = 1 kilometer 

0.062428* lb. per cu.ft. = 1 kg. per 
cu. meter 

62.5 (62.355) lb. = wet. 1 cu.ft. 
water at 62 deg. F. 

7,000* grains = 1 lb. 

0.0735 in. Hg. at 62 deg. F. = 1 in. 
water at 62 deg. F. 

746 (745.7) watts = 1 hp. 

7.5(7.4805*) gal. = 1 cu.ft. 

760* millimeters Hg. = atm. press. 
at 0 deg. C. 

0.07608 lb. = wet. 1 cu.ft. air at 62 
deg. F. and 14.7 lb. per sq.in. 

778 (777.5) ft.-lb. = 1 B.t.u. 

0.7854* (= 3.1416 + 4) x diameter 
squared = area circle 

8 = lb. oxygen required to burn 1 
Ib. hydrogen (H) 

8.025* (= square root of 2g) x 
square root of head (ft.) = 
theoretical velocity, ft. per sec. 

0.08073 Ib. = wet. 1 cu.ft. air at 32 
deg. and 14.7 lb. per sq.in. 

8-4 (8.3356) Ib. = wet. 1 gal. water 
at 62 deg. F. 

8,760* hr. = 1 year of 365 days 

88* ft. per sec. (min.) = 1 mile per 
min. (hr.) 

9* sq.ft. = 1 sq.yard 

0.0929* sq. meters = 1 sq.ft. 

970.4 B.t.u. = Latent heat of evap. 
of water at 212 deg. F. 


SPECIAL ABBREVIATIONS 


approximate 
atm. pres..standard atmospheric pressure 
calorific value 
Cp ...specific heat at constant pressure 
specific heat at constant volume 


...inches of mercury (pressure) 


Re logarithm to the base 10 
logarithm to the base ‘“‘e” 
ee dry saturated (steam) 
weight 
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Large Oil Engines, With Special Reference to the 
Double-Acting Two-Cycle Type’ 


By CHARLES EDWARD LUCKE 


Professor of Mechanical Engineering Columbia University 


There never has been any doubt 
about the high thermal efficiencies of 
Diesel oil engines, and such doubt as 
once existed as to their reliability or 
maintenance costs have been completely 
dissipated by the success of the motor- 
ship, which has been as great in its way 
as that of the automobile on land and 
of aircraft above. 

Of the big-engine questions of 
broader significance, perhaps the two 
that stand out or are most often heard 
are: How may the zone of economic 
use be widened for such Diesel engines 
as have become more or less stand- 
ardized as to design or size; and, sec- 
ond, how large, how much larger than 
these standards in horsepower capacity, 
may good oil engines be built. 


THE QUESTIONS OF WEIGHT 


Widening of the scope of economic 
utility of large oil engines in existing 
sizes, whether in marine or in station- 
ary fields, is mainly a question of reduc- 
tion of cost. Reduction of cost is 
primarily a matter of weight reduc- 
tion in pounds per horsepower, except 
when it is accomplished by the use of 
special high-priced materials or when 
it requires excessively expensive shop 
operations or higher ratios of labor to 
material in the building of the engine. 

A second set of engineering problems 
in connection with large engines is con- 
cerned with the determination of maxi- 
mum possible horsepower per cylinder, 
and of the means whereby horsepower 
per cylinder may be made greater with- 
out loss of other good qualities, and 
preferably also with reduction of 
weight and first cost. 


Four-STROKE CYCLE ENGINES 


Efforts to reduce the weight per 
horsepower of single-acting four-stroke- 
cycle engines have extended over many 
years and still continue. Here two 
quite independent lines of attack are 
recognized in addition to the perfectly 
obvious one of increased speed with its 
limitations of life above recognized 
values for piston speed. The first of 
these is concerned with securing higher 
mean effective cylinder pressures. The 
second is directed toward the metal and 
its weight in pounds per cubic inch of 
cylinder, measured by the product of 
area, stroke and number. 

Increase of indicated mean pressure 
is being securéd in various ways, 
among the most notable of which are 
the following: Higher spray-air pres- 
sures to carry fuel to the more remote 
points of the air charge and by agita- 
tion of the whole charge to effect the 
combustion of more fuel per pound of 
air than otherwise, reducing free 
oxygen in the exhaust to the lowest 
possible value with no carbon monoxide; 


*Abstract of paper presented at annual 
meeting of A.S.M.E., New York, Dec. 1 to 4. 


extra spray air injected at points other 
than the spray value to increase tur- 
bulence; two spray valves instead of 
one to reduce the distance the fuel must 
travel to find its air, and to reduce the 
necessity for extra turbulence; super- 
charging to increase the weight of air 
for a given piston displacement and so 
to raise the mean pressure for the same 
completeness of oxygen utilization by 
fuel as shown by free oxygen in the 
exhaust, it having been employed with 
and without the former means of rais- 
ing mean pressure. 


INDICATED MEAN PRESSURES 


By research along such lines it has 
been found possible to secure indicated 
mean pressures of 150 lb. per sq.in. 
without supercharging, and 176 lb. per 
sq.in. with supercharging. It is fair to 
say that the usual values for indicated 
mean pressures are 60 per cent—more 
or less—of those proved by research to 
be obtainable. 

It has been definitely established that 
combustion conditions can be secured in 
two-cycle cylinders which are quite as 
good as in four-cycle. It has also been 
proved that air charging of the two- 
cycle cylinders by ports with no head 
valves whatever can give air charges 
necessary for such equalization of mean 
indicated pressures if the scavenging 
is properly done. Therefore heads may 
be so simplified, compared with multi- 
ported four-cycle heads, as to be able to 
withstand uninjured the higher heat 
rates typical of the two-stroke-cycle 
engine of bore equal to the four-stroke- 
cycle. This is a most important accom- 
plishment because it contributes 
directly to the attainment of both ideals 
at once: the reduction of weight per 
horsepower and large horsepower per 
cylinder; but whether the amount of 
these gains is sufficient is yet to be 
seen, as is also the question of still 
other means of approach. 


SUBSTANTIAL WEIGHT SAVING 
BY TWO-STROKE CYCLE 


For such single-acting two-stroke- 
cycle engines, indicated mean pressures 
for the full stroke have reached the 
value of 122 lb. per sq.in. with an 
effective stroke of 77 per cent, making 
equivalent mean pressure 158 lb., which 
checks well against the four-cycle 
maximum values. As in the case of 
the four-cycle, however, the rating 
values are lower, Sulzer using the value 
of 93 Ib. per sq.in., equivalent for same 
port lengths to 120 Ib. per sq.in. for 
cylinders of about the same bore—be- 
tween 20 and 30 in. While two-cycle 
operation causes some increase in 
weight per cubic inch (about 0.5 Ib.), 
there is a substantial reduction made in 
weight per horsepower by doubling the 
impulses. 

Finally, there is to be noted in this 
series of efforts to reduce weight stiil 


another and the most recent—doubling 
the number of impulses by the double- 
acting method, with its parallel of 
double opposed pistons. A  double- 
acting piston should give nearly twice 
the output obtainable from the single- 
acting, either two-cycle or four-cycle, 
with not much increase in weight over 
the standard single-acting crosshead 
designs, provided combustion conditions 
are equal and permit of equal indicated 
mean pressures. This mode of decreas- 
ing weight per horsepower does not at 
all increase the heat-generation rate 
over the single-acting because each end 
acts independently. Therefore it not 
only contributes something to the first 
ideal of cost reduction through weight, 
but, unlike other directions of effort, it 
contributes quite as much to increasing 
the horsepower per cylinder and the 
maximum practicable horsepower of the 
engine. 


DOUBLE-ACTING ENGINES 


Piston rods have not been avoided by 
all designers seeking to double the out- 
put of a cylinder, nor have they ever 
proved dangerous or even troublesome 
where used, beginning with the well- 
standardized double-acting gas engines. 
It is therefore of special interest to 
follow the piston-rod type or normal 
double-acting-engine development, es- 
pecially as to ideas involved. Toward 
the end of the period of perfecting the 
large double-acting gas engine, practice 
settled down to the adoption of the 
four-cycle horizontal tandem arrange- 
ment, the two-cycle having been aban- 
doned because of the losses of gas at 
exhaust ports during scavenging and 
in spite of its greater simplicity of 
mechanism even with valve scavenging. 
Design had become pretty well stand- 
ardized and service reliability well es- 
tablished. 


VERTICAL DESIGNS 


The vertical designs, inherently light, 
are of special interest, especially those 
that are operating two-cycle, in view 
of their greater simplicity and their at- 
tainment of maximum possible number 
of impulses with consequent promise of 
least weight per horsepower, as well as 
maximum horsepower per cylinder, sub- 
ject to proof that piston rods will give 
no trouble, that cylinder heads are safe, 
and that cylinders working in both ends 
can be held so as to permit complete 
freedom of expansion of heated parts. 
To this must be added, also subject to 
proof, that combustion conditions can 
be as good in double- as in single- 
acting, it already having been estab- 
lished that they can be as good in 
two-cycle as in four-cycle, and that 
side-port scavenging gives as good an 
air charge as a four-cycle, so that 
nothing can be gained by the end-to- 
end scavenging of the opposed-piston 
engines, 


) 
, 
_ 
ay 
‘ 


916 


For similar construction details and 
materials, that is, similar machine de- 
sign, the double-acting engines will 
weigh a little more per cubic inch of 
stroke volume than the single-acting, 
and the excess may be greater for two- 
than for four-cycle, because the cyl- 
inder must be longer. 


THERMAL EFFICIENCY OF SECONDARY 
IMPORTANCE 


It is established that the double- 
acting, two-cycle arrangement offers 
the greatest prospect for both weight 
reduction per horsepower and increase 
of horsepower per cylinder, unless it 
should appear to be necessary to reduce 
mean pressures below values estab- 
lished for single-acting engines. It is 
also established that as small a number 
of cylinders as two will give satisfac- 
tory turning efforts with crank-shaft 
loads, and hence shaft sizes, that com- 
pare favorably with those on steam 
engines when the oil engine is two- 
cycle, double-acting, so that this ar- 
rangement gives a very short length 
of engine, other things being equal, 
even with allowance for scavenging 
pump and compressor at one end. 

It has, been pointed out that the 
really important thing in widening the 
scepe of the economic utility of the 
oil engine is reduction of weight, and 
through it reduction of cost per horse- 
power on the one hand, and an increase 
in the horsepower per cylinder, prefer- 
ably by the same means, if possible. 
Thermal efficiency is of secondary im- 
portance. 

The indicated mean pressure of the 
thermodynamic cycle representative of 
the Diesel process of transforming heat 
of hot gases into work, is a function 
of the cutoff as in the unaflow steam 
engine, the diagram of which is identi- 
cal except for the slope of the com- 
pression and expansion lines due to 
differences in fluids. It may be as- 
sumed that the maximum pressure is 
the same for all Diesel engines and 
with it the compression ratio, and for 
purposes of comparison this pressure 
may be set at 500 lb. per sq.in. above 
atmosphere. On this basis, and assum- 
ing adiabatic compression and expan- 
soin of gases having the physical 
constants of air, the indicated mean 
pressures are found by circulation to 
be as shown in the table. 

Fuel consumption per net or brake 


Cut-off, per cent displacement............ 3 
Mean pressure, Ib. 17.15 
Cutoff, per cent displacement............+ 2 
Mean pressure, Ib. 116.0 


horsepower-hour will be determined by 
the mechanical losses, and as these are 
less in the double-acting than in the 
single-acting engines, it must follow 
that double-acting engines are more 
efficient than single-acting. 

It appears that by developing the 
double-acting cylinder for large oil en- 
gines, there is not only a material re- 
duction in weight or cost for more or 
less identical machine design, especially 
frame types and materials of construc- 
tion, a lesser number of cranks needed 
with a subsequent shortening of engine 
or reduction of floor space, and a very 
considerable increase in power for a 
cylinder of same bore, but that in addi- 
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tion there is a gain in fuel economy. 
It also appears that the two-cycle, 
double-acting engine exceeds in aggre- 
gate advantages the double-acting, 
four-cycle, though in the matter of fuel 
economy they are equal. 

The use of forged steel for cylinders 
and pistons instead of the traditional 
cast iron seems by its ductility, to con- 
tribute directly to the reduction of the 
inner-skin injuries or local stress fail- 
ure and burning, and its adaptability to 
the two-cycle port-scavenged cylinder, 
requiring no complicated ports and 
valve housings that would make adop- 
tion difficult or impossible, also con- 
tributes to further reduction by in- 
creasing the injection-frequency and 
reducing the skin-temperature peak to 
one-half, 


THE USE OF STEEL 


There is, however, a further contribu- 
tion of the steel wall toward prevention 
of injury of the contact surfaces 
through its direct effect on reduction 
of the temperature of the main metal 
mass. Such steel walls may be made 
thinner than cast iron just about in 
inverse proportion to- the allowabie 
working stresses which are three or 
more to one, depending mainly on the 
type of steel, of which there is now 
available a good range of choice. Other 
things being equal, the temperature 
drop would be one-third or less in steel 
walls than in cast iron for the same 
hourly rate of heat generation, or with 
the same temperatures that now pre- 
vail, three or more times the hourly 
rate would be permissible with a 
greater margin of metal stability, due 
to the ductility of the metal. Freedom 
from webs, ribs, or thickened sections 
common to castings, and especially 
when removable cylinder heads are 
used, adds still more margin. 

For the present it may justly be said 
that the steel cylinder makes it pos- 
sible to increase the horsepower per 
cylinder just as does two-cycle adop- 
tion compared with four and double- 
acting compared with single, so that 
the combination of steel cylinder, two- 
cycle and double-acting seems to offer 
the widest prospect at present in this 
direction. It has also been shown by 
this review that it is in about the same 
position as to number of cranks, shaft 
length, weight per horsepower, and 
with higher over-all efficiency than 
single-acting engines. 


DIESEL AIR-CYCLE MEAN PRESSURES 


6 9 12 15 18 
34.16 50.76 67.50 “3 99.70 
132.4 148.36 164.19 179.64 


Exports of Bituminous Coal 


Exports of bituminous coal from the 
United States during October were the 
second highest of the current year, 
amounting to 1,534,459 long tons 
against 1,502,829 tons in September and 
1,631,804 tons in July, the high mark 
for 1924, according to the Coal Division 
of the Department of Commerce. The 
heayy shipments during the month in 
question were due to increased exports 
to Canada, 1,293,963 tons going to that 
destination as compared with 1,201,280 
tons in September and surpassing the 
previous record monthly exports during 
this year of 1,203,165 tons in July. 
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Engineering Forging Ahead 
at Cambridge University 


Most Americans picture Oxford and 
Cambridge Universities in England as 
places where the sons of the nobility 
receive the elements of ancient culture 
in a _ delightful social atmosphere. 
There is something in this view, but it 
does not tell the whole story. Cam- 
bridge, for example, has for a long 
while been one of the world’s greatest 
centers of scientific research, particu- 
larly in physics. Much of the knowl- 
edge regarding the electron and the 
structure of the atom had its origin 
here. In fact both Oxford and Cam- 
bridge have for years held a high posi- 
tion in the scientific world, although 
other branches of learning have at times 
been more prominent. 

Not only that, but the actual study 
of engineering has been going on at 
Cambridge for years. Starting in 1891 
in a small way, it has steadily grown 
until today, as explained in a recent 
issue of The Engineer, there are about 
500 engineering students at Cambridge. 
With the backing of prominent engi- 
neers and business organizations, the 
Engineering Department has been pro- 
vided with a modern laboratory build- 
ing for its work. This includes a heat- 
engine laboratory, a structures and 
hydraulics laboratory and an electrical 
laboratory, together with a number of 
minor laboratories and workshops. 

Unlike Sheffield and Glasgow Uni- 
versities, Cambridge is not situated 
where the students can keep in close 
touch with engineering practice on a 
large scale, yet this is not expected to 
be a great drawback, as the aim at 
Cambridge will be to develop men 
thoroughly trained in the fundamentals, 
rather than specialists in any one line. 
As The Engineer puts it, “Cambridge 
is specializing in general knowledge.” 

“The water-tight compartment sys- 
tem of education, whereby subjects are 
dealt with separately and in succession, 
is likewise discouraged. The various 
subjects are all worked at simultane- 
ously, with a view to showing their 
inter-relation. In the first year’s course 
the subjects are naturally treated in an 
elementary manner, and a considerable 
portion of the teaching at this stage is 
directed toward working students up to 
a certain standard in mathematics and 
mechanics.” 


ONE EXAMINATION COVERS THREE 
YEARS Work 


The article goes on to describe the 
courses in the succeeding two years of 
the three-year course. “In the Tripos 
examination, by which a student grad- 
uates with honors, he is tested as to 
his knowledge over the whole range of 
subjects dealt with in his three years’ 
course. . . . A _ student who does 
well in this comprehensive examination 
is not at that stage a specialist in any 
branch of engineering, but, on the other 
hand, his mental balance is such that he 
ean launch forth with equal facility in 
any direction, and when he ultimately 
takes up some definite line of work his 
broader education and greater versa- 
tility will enable him in most cases to 
overtake and outdistance the man who 
has been a specialist from the start of 
his engineering education.” _ 
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Secretary of Commerce Hoover Outlines 


Work Done by Department 


‘Takes Up Elimination of Waste in Industry—The Coal Industry — 


Interconnection of Electric Power Systems 


66 LIMINATION of national waste” 
is the keynote of Secretary 
Hoover’s annual report, made public 
at the Department of Commerce on 
Nov. 28. He reviews the accomplish- 
ments of the Department during the 
first three years of the present ad- 
ministration, notably in the fields of 
unemployment, seasonal construction, 
coal, superpower, standardization, sim- 
plified practice, co-operative marketing, 
and the reduction of housing costs. 

Of the bituminous coal industry Mr. 
Hoover says: 

“Through co-operation of trade asso- 
ciations of the principal industrial con- 
sumers, through chambers of commerce 
and public utilities a large amount of 
regular summer storage has been in- 
duced.” 

The report deals extensively with the 
steps taken by the Secretary to fur- 
ther the interconnection of electric 
power and lighting systems. He says: 

“Engineering science has brought us 
to the threshhold of a new era in the 
development of electric power. This 
era promises great reductions in power 
cost and wide expansion of its use. 
Fundamentally, this new stage in prog- 
ress is due to the perfection of high 
voltage, longer transmission, and more 
perfect mechanical development in gen- 
eration of power. We can now under- 
take the cheaper sources of power from 
water sources further afield, such as 
the St. Lawrence, and cheaper genera- 
tion from coal through larger and more 
favorably placed coal generation plants. 

“The savings in 11 states resulting 
from a co-ordinated and fully developed 
electrical power system, would by the 
time it could be erected, amount to a 
conservation of about 50,000,000 tons of 
coal per annum; an annual saving could 
be made of over $500,000,000 per annum 
at an additional capital outlay of about 
$1,250,000,000. In this area we are to- 
day producing something like 9,000,000 
hp. by direct steam and individual plant 
generation, a substantial part of which 
could be transferred to central genera- 
tion with great economy. 

“The engineers who have made sys- 
tematic superpower surveys are con- 
vinced that over 40 per cent of the 
mileage of the railways in this terri- 
tory could be electrified at substantial 
economies in operation and with en- 
larged service if we should secure this 
greater and more economical power 
development. 

“To secure the rapid adoption of 


these demonstratedly possible results 
is of profound public importance. 
Every time we cheapen power and cen- 
tralize its production we create new 
uses and we add security to production; 
we also increase the production; we 
eliminate waste; we decrease the bur- 
den of physical effort upon men. In 
sum, we increase the standards of living 
and comfort of all our people.” 


Old Armington-Sims Engine 
From Sunbury in Museum 


The old Armington-Sims stationary 
engine used by Thomas A. Edison to 
operate the first three-wire central 
station actually started and put into 
operation, has recently been added to 
the Museum of Edisonia and Historical 
Exhibit of Electric Lighting. The gener- 
ating plant consisted of two “L” dyna- 
mos belted to a high-speed Armington- 
Sims engine, the total capacity being 
about 400 16-cp. lamps. The indicating 
instruments were of the crudest con- 
struction and consisted of two volt- 
meters which were connected by “pres- 
sure wires” to the center of electrical 
distribution; one ammeter interpolated 
in the “neutral bus,” to indicate when 
the load was out of balance, and half 
a dozen roughly made plug switches. 

The installation was made under the 


supervision of Lieut. F. J. Sprague and 
W. S. Andrews, and it was formally 
started for commercial service by Mr. 
Edison on the 4th of July 1883, with 
about 100 lamps connected. A picture 
of the engine, dismantled, is given 
below. 


Tecumseh, Kansas, Plant 
Started 


The Kansas Power & Light Co., is 
constructing a modern power plant at 
Tecumseh, Kan. The initial capacity 
will be 15,000 kw. and a sixty-mile 
transmission line to Topeka and Atchi- 
son will be built to serve a population 
of more than 150,000. The power plant 
and transmission line are expected to 
cost in the neighborhood of $3,600,000. 
Both the power plant and transmission 
lines have been leased for fifty years. 


Ten Million Power Plant 
Planned for Tarrytown 


A $10,000,000 electric power plant to 
occupy 16 acres of ground on the river 
front at Tarrytown, 25 miles north of 
New York City, it is reported, is con- 
templated as an addition to the New 
York Edison system. William R. Bull, 
of Port Chester, said the project would 
be started next spring on land owned 
by the Tarrytown Terminal Co., which 
has spent more than $1,000,000 in im- 
proving the site. It is said that George 
F. Baker, William Rockefeller, Nicholas 
F. Brady and James A. Stillman are be- 
hind the project. It will be recalled 
that the New York Edison Co. is 
erecting a new station at Fourteenth 
St., New York City. 


, 


Old Armington-Sims engine from Sunbury, Pa., dismantled, 
to be installed in museum 
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Government Officials 


POWER 


Seriously Concerned 


Over Waste of Oil 


Doherty Advocates Drastic Action by the States 
to Prevent Overproduction 


ASTE of oil has reached such 

proportions that the federal gov- 
ernment is preparing to move in an 
effort to prevent it. Judging from pro- 
nouncements by Dr. George Otis Smith, 
the government has in mind some form 
of co-operation with the industry to 
that end. Dr. Smith, in addition to his 
duties as director of the United States 
Geological Survey, is the head of the 
President’s Commission charged with 
the working out of a systematic policy 
for the handling of naval reserves. 

Since it is impossible to divorce the 
petroleum interests of the navy from 
the petroleum interests of the people 
as a whole, the work of the President’s 
commission is certain to deal with the 
conservation of our oil resources in a 
broader sense. 

In this connection it may be pointed 
out that this great problem, which is 
essentially engineering in character, is 
not being dealt with by a political 
group. Industry has seen so many fail- 
ures on the part of politicians when 
they undertake to solve an engineering 
problem that there is universal lack of 
confidence in the ability of Congress to 
make such a determination for itself. 
The President’s commission, however, 
is technical in its makeup and com- 
posed of men who, in addition to their 
technical knowledge, have established 
reputations as economists. 

In addition to Chairman Smith, the 
membership of the commission is com- 
prised of Admiral Hilary P. Jones and 
R. D. Bush. Admiral Jones is a mem- 
ber of the General Board of the Navy 
and has had specialized contact over a 
long period of years with the matter of 
oil procurement. Mr. Bush has had 
life-long contact with the industry and 
has been in immediate charge of the 
government of California’s contact with 
the industry. 

There is a feeling in the industry 
that this commission will work out a 
practical plan rather than recommend 
some form of political action which is 
likely to be destructive. That the com- 
mission is working along the lines of 
co-operation with the men in the oil 
industry is revealed by Dr. Smith’s 
utterances at Tulsa. It has become 
increasingly evident in other quarters 
that the time is ripe for a larger degree 
of co-operative rather than antago- 
nistic action in the production end of 
the petroleum business. 

One straw that indicates the trend is 
the favorable comment in the press of 
the appeal for such joint action made 
by Dr. Smith. His.contention is that, 
since competitive ownership is the stim- 
ulus to wasteful haste in bringing oil 
to the surface once a pool is discovered, 
regardless of the requirements of the 
current market, the remedy lies in co- 
operative action in which neighbors 
consult their common interest. 

There is natural hesitancy on the 
part of some oil men, arising from 
doubts as to the legality of any ap- 


proach toward combined or joint action, 
but Dr. Smith said at Tulsa that to put 
some limit upon excessive development 
and consequent overproduction would 
not be a combination in restraint of 
trade, but a combination in restraint of 
waste and in the public interest. 

The news from Cleveland recently 
contained a valuable suggestion for the 
coal industry. Henry L. Doherty, the 
well-known oil and public-utility oper- 
ator comes out flatfootedly, in an ad- 
dress before the National Petroleum 
Marketers’ Association, for a program 
of legislation that would make it pos- 
sible to end profligate overproduction 
of petroleum. 


American Participants’ Praise 
World Power Conference 


If the impression received from the 
speakers at a meeting of the Metro- 
politan Section of the A.S.M.E. in New 
York on Nov. 20 is to be trusted, the 
World Power Conference, held last 
summer in London, is more than a past 
event; it is a living international force 
through the continuance of personal 
relationships there established, and the 
continued influence of the 300 confer- 
ence papers. Addressed by John H. 
Lieb, vice-president of the New York 
Edison Co., O. C. Merrill, executive 
secretary of the Federal Power Com- 
mission, George Otis Smith, director 
of the Geological Survey, and George 
A. Orrok, consulting engineer — all 
American delegates to the World Power 
Conference—the meeting was called to 
pass on to those who stayed at home 
some of the impressions received. 

Mr. Lieb, chairman of the meeting, 
showed how the World Power Con- 
ference grew out of the British Empire 
Exposition, which in turn sprang from 
the post-war desire of the British 
dominions for a closer economic union 
with the mother country. 

The World Power Conference was the 
outward expression of economic forces 
manifest for several years, according 
to Mr. Merrill, the next speaker. The 
startling growth of electric power and 
transmission in most countries has 
made the matter of power resources 
of general interest. Europe, with fewer 
national resources, faces more difficult 
economic problems than America. There 
one nation may have a coal or water 
power beyond its present needs, while 
its neighbor may be practically desti- 
tute of both. 

In introducing George Otis Smith, 
Mr. Lieb regretted the unavoidable 
absence of Elihu Thomson, Calvert 
Townley and Fred R. Low. 

Like the other speakers Dr. Smith 
expressed deep appreciation of the 
royal manner in which the delegates 
were entertained. He showed what 
power meant to the mining engineer. 
A new supply of cheap power brought 
into @ mining district makes “ore” 
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of what before was only “rock.” Hence, 
power may properly be said to increase 
natural resources. While water power 
resources should be used to the limit, 
the conference made it clear that min- 
eral fuels far outrank water power in 
ultimate importance. Dr. Smith had 
only one regret in regard to the con- 
ference. While he himself was strongly 
opposed to government ownership or 
operation, mainly because of his dis- 
trust of politicians, he felt that the 
advocates of other policies had not 
found full opportunity at the confer- 
ence for the expression of their ideas. 
Dr. Smith took the stand that engi- 
neers were interested in facts, and 
that they should not shut their ears 
to any facts that might be presented, 
whether or not they might be favorable 
to a cause they were advocating. He 
hoped the day would never come when 
the engineer would be known as a man 
afraid of facts. 
Mr. Orrok, in the closing address, 
said that the World Power Conference 
marked a new era for the mechanical 
engineer. The gain is both material 
and social. Contacts have been estab- 
lished with foreign engineers that will 
constantly lead to mutual benefits. 


Giant Power Board Asks 
Delay on Power Permits 


The Pennsylvania Giant Power Sur- 
vey Board has asked Governor Pinchot, 
the Public Service Commission, and 
the State Water and Power Resources 
Board to withhold approval of all re- 
quests for enlarging the privileges or 
rights of public service power generat- 
ing, power transmitting and power 
distributing companies by way of 
charters, mergers, certificates of public 
convenience and necessity, approval of 
projects or by other means. 

The board believes that the state 
should enter into no commitments on 
the subject of power development until 
the Giant Power Survey is submitted 
to the legislature next January. The 
Governor has announced his intention 
of complying with this request. 


Diversion Case Arguments 
Before Court Dec. 1 


The argument before the Supreme 
Court of the United States on the ap- 
peal brought by the Sanitary District 
of Chicago to have set aside the decision 
of lower federal courts requiring it to 
reduce the quantity of water withdrawn 
from Lake Michigan (known as the Chi- 
cago diversion case), which was to have 
taken place on Nov. 10 was postponed 
until Dec. 1. -At this writing no in- 
formation as to the court’s probable 
action has been received. The action 
was taken at the request of the Solicitor 
General of the United States. 

New York State through the Attor- 
ney-General is vigorously combating 
the claims of the Chicago Sanitary Dis- 
trict, to divert in excess of 4,167 cu.ft. 
of water from Lake Michigan because 
of the serious after-effect of its con- 
templated program upon navigation on 
the Great Lakes and the St. Lawrence 
and the power developments at 
Niagara. 
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Water-Power Commission 
Issues Fourth Annual Report 


Recently the Federal Water-Power 
Commission issued its fourth annual 
report for the fiscal year ending June 
30, 1924. This report not only deals 
with the commission’s work in so far 
as it has to do with issuing licenses and 
permits for water-power development, 
but also gives a résumé of the North- 
east Superpower Committee’s work and 
the First World Power Conference. It 
also discusses waterpower and naviga- 
tion; waterpower and fisheries; water- 
power development by public agencies 
under the Federal Water-Power Act; 
municipal ownership; customer owner- 
ship of public utility securities; and 
Federal Government ownership. Ac- 
cording to the report the number of 
water-power projects requiring the 
attention of the commission continues 
to have a large total capacity as indi- 
cated by the following statements: 

“Notwithstanding the volume of 
applications presented in the first three 
years of the administration of the 
Federal water power act, 87 more, in- 
volving an estimated installation of 
3,325,000 hp. were filed during the fiscal 
year 1924, and 57 permits and licenses 
were issued with an estimated installa- 
tion, if built, of 1,160,000 hp. There 
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are 204 permits and licenses outstand- 
ing and aggregating 7,850,000 hp. 
Sixty-seven projects with a prospective 
installation of 2,782,000 hp. have been 
completed or are under construction, of 
which 18, with a combined installation 
of 259,000 hp. were started during the 
year. A constantly increasing part of 
the work of the Commission consists in 
the administrative duties with respect 
to projects already under permit or 
license. Preliminary permits are being 
changed into licenses, and licensed pro- 
jects are being constructed, requiring 
examination of plans, inspection of con- 
struction and audit of accounts. 

“No provision of the act was deemed 
of greater importance when the bill 
was under consideration in Congress 
than the requirement that no amount 
in excess of actual legitimate cost 
should be entered upon the books of 
licensees, and yet with 67 projects con- 
structed or under construction, involv- 
ing several hundred million dollars and 
in some instances requiring extensive 
valuation, and with only two account- 
ants to perform the work, it is mani- 
festly impossible to secure satisfactory 
results. It has been the experience of 
the Commission that overcharges to 
capital account are most frequently 
found in connection with the prelim- 
inary expenses preceding construction. 
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So frequently has this been the case, 
particularly with new projects as dis- 
tinguished from extensions to existing 
systems, that it has become the general 
practice to require an agreement on the 
total of such preliminary charges be- 
fore license will be issued. 

“The Commission is endeavoring to 
reach mutual agreement whenever pos- 
sible on cases requiring valuation under 
section 23 of the act. It succeeded in 
five minor cases during the year, in- 
volving an aggregate of $581,000. Pro- 
jects involving several million dollars 
are pending, with inventories prepared, 
but in the majority of cases it has not 
been possible to make even a beginning 
with the force available. 

“In its third annual report the Com- 
mission called attention to the necessity 
of authority to employ personnel of its 
own if it were to be held responsible for 
adequately administering this most im- 
portant feature of the act. It desires 
again to urge amendments of the law 
which will permit employment of per- 
sonnel, which will make it possible to 
avoid division of responsibility in 
water-power administration and inves- 
tigation between the Commission and 
the several executive departments, and 
which will devote to the purposes for 
which collected the annual charges paid 
by the licensees under the act.” 


Monday morning — Council 
meeting; Local Delegates Con- 
ference; committee meetings. 

Monday afternoon—Continua- 
tion of morning meetings. 

Monday evening—Open house. 

Tuesday morning — “Storage 
and Handling of Fuel Oil in In- 
dustrial Plants,” by C. G. Shef- 
field and H. H. Fleming; “Han- 
dling Oil from Storage to Fur- 
nace,” by John R. Battle; 
“Strength and Proportions of 
Wheels, Wheel Centers and 
Hubs,” by R. Eksergian; “The 
Turbine Designer’s Wind Tun- 
nel,” by H. Loring Wirt; “Test 
of Prosser-type Reciprocating 
Steam Engine,’”’ by L. V. Ludy. 

Tuesday afternoon—Joint ses- 
sion with the American Society 
of Refrigerating Engineers; 
“Some Factors Influencing Fric- 
tion, Velocity Distribution, and 
Heat Transmission, for Fluids 
Flowing Inside Pipes,” by W. H. 
McAdams; “The Temperature of 
Evaporation of Water Into Air,” 
by W. H. Carrier and D. C. Lin- 
say; ““Water-Cooling System Effi- 
ciency,” by Victor J. Azbe; “The 
Zoelly Turbine-Driven Locomo- 
tive,” by Henry Zoelly; “The 
Ramsay Condensing Turbo-Elec- 
tric Locomotive,” by George F. 
Jones and T. Lawrence Hale of 
London; “Engineers and_ the 


Program for the A. S. M. E. Meetings 


December 1-4, New York City 


Papers of Interest to Power Plant Field 


American Petroleum Situation,” 
by Julian D. Sears; Public hear- 
ing on “Power Test Codes for 
Solid Fuels, Gas Producers, and 
Speed Responsive Governors,” 
Fred R. Low, president, pre- 
siding. 

Tuesday evening—Presidential 
address on “Power,” by Fred R. 
Low. Reception by the society. 

Wednesday morning — “Fuel 
Oil Burning in the United States 
Navy,” by Lt. Comdr. H. G. 
Donald; “Oil Burning in Indus- 
trial-Plant and  Central-Station 
Service,” by N. E. Lewis; 
“Hazards of Industrial Oil Burn- 
ing,” by H. E. Newell; “An In- 
vestigation of Critical Bearing 


Pressures Causing Rupture in 
Lubricating Oil Films,” Lt. 
Comdr. L. N. Linsley; “High 


Pressure-Bearing Research,’ by 
Louis Illmer; Graphical Study 
of Journal Lubrication,’”’ by H. A. 
S. Howarth; “The Engineering of 
National Defense,” by Assistant 
Secretary of War Dwight F. 
Davis; “Hazards of Pulverized- 
Fuel Systems,” by H. E. Newell 
and R. Palm. 

Wednesday afternoon—Presen- 
tation of Melville bust; Presen- 
tation of Awards; Report on 
Steam Tables Research. 

Wednesday evening — Annual 
dinner with Dr. Livingston Far- 


rand, president of Cornell as the 
principal speaker. 

Thursday morning — “Water 
Treatment for Continuous Steam 
Production,” by R. E. Hall; “The 
Increase in Thermal Efficiency 
Due to Resuperheating in Steam 
Turbines,” by E. E. Blowney and 
G. B. Warren; “Review of Re- 
cent Applications of Powdered 
Coal to Steam Boilers,” by H. 
Kreisinger; ‘Recent Develop- 
ments in the Burning of Anthra- 
cite Coal,” by W. A. Shoudy and 
R. C. Denny. 


Thursday afternoon — “Solid- 
Injection Oil Engines,” by R. 
Hildebrand; “‘Large Oil Engines, 
with Special Reference to the 
Double-Acting Two-Cycle Type,” 
by C. E. Lucke; “Gas Turbines,” 
by L. S. Marks and M. Danilov; 
"Methods of Economic Design of 
Penstocks,” by H. L. Doolittle; 
“Intake for Power Plant,’ by 
Robert Angus; Lecture, “Proper- 
ties of Matter Under High Pres- 
sure,” by P. W. Bridgman. 

Thursday evening — “Carnot 
Centenary,” Dr. William  F. 
Durand, president-elect A. S. 
M. E., presiding; “‘Carnot’s Prin- 
ciple,” by Dr. Michael I. Pupin 
and “Carnot’s Influence Upon 
Engineering,” by Dr. William 
LeRoy Emmet. 
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A. S. R. E. Holds Its Twentieth 
Annual Meeting 


The American Society of Refrigerat- 
ing Engineers is holding its twentieth 
annual meeting, Dec. 1-3, at the Hotel 
Astor, New York City. The program 
of papers of interest to Power readers 
is: 

Monday morning—Presidential ad- 
dress, “The Social Challenge to the 
Engineers,” by George A. Horne; “Cen- 
tral Station Pipe Line Refrigeration,” 
by A. W. Oakley. 

Monday afternoon—Public hearing 
on “Mechanical Refrigeration Safety 
Code” in Room 1001 Engineering Build- 
ing, 29 West 39th St. 

Monday evening—“Tests on a Rotary 
Ammonia Compressor,” by G. J. Mac- 
Intire; “The Electrically Driven Ice 
Plant,” by Fred Ophuls. 

Tuesday morning—‘A Theory of 
Cooling Towers Compared with the Re- 
sults in Practice,” by B. H. Coffey. 

Tuesday afternoon—Joint session 
with the A. S. M. E., 29 West 39th St. 
“The Flow of Liquids,” by W. H. Mc- 
Adams; “Water Cooling Efficiency Sys- 
tem,” by Victor J. Azbe; “The Tem- 
perature of Evaporation of Water Into 
Air,” by W. H. Carrier and D. C. Lind- 
say. 

Tuesday evening—Annual dinner and 
dance at Hotel Astor. 

Wednesday morning—“The Specific 
Volume of Superheated Ammonia 
Vapor,” by C. H. Meyers. 

Wednesday afternoon — Visit to 
Power Show at Grand Central Palace. 


Philadelphia A.S.M.E. Dis- 
cusses Automatic Com- 
bustion Control 


Anyone attending the various engi- 
gineering society meetings where auto- 
matic combustion control has been dis- 
cussed cannot fail to be impressed by 
the intense interest in this subject as 
expressed by the large attendance and 
the enthusiasm with which the presen- 
tation of the papers and discussion have 
been carried out. The meeting of the 
Philadelphia Section of the American 
Society of Mechanical Engineers, held 
in the Engineers Club at Philadelphia, 
on Tuesday evening, Nov. 25, was no 
exception to previous records. The 
auditorium was crowded and the ses- 
sion lasted until after 11 o’clock. 

The meeting was presided over by 
Section Chairman N. E. Funk, who 
first called upon Fred R. Low, editor 
of Power and President of the Amer- 
ican Society of Mechanical Engineers, 
to address the meeting. President Low 
extended a hearty invitation to the 
members of the Philadelphia Section 
and their friends to attend the Annual 
Convention in New York and assured 
them that this year’s program was one 
of the best in the history of the Society. 

The subject for discussion, “Develop- 
ment of Combustion Control,” was pre- 
sented by four speakers: E. G. Bailey, 
president of the Bailey Meter Co.; 
M. G. Benjamin, president of the Ben- 
jamin Engineering Co.; Charles H. 
Smoot, president of the Smoot Engi- 
neering Co.; and K. L. Martin, presi- 
dent of The Engineer Co. Each speaker 
described systems of centralized auto- 
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matic combustion control that had been 
developed by his company and were 
now in successful use in some of the 
largest plants in the country. 

E. G. Bailey was the first speaker 
and prefaced the description of his 
combustion-control equipment by saying 
that the problem of combustion control 
is as old as the burning of fuel. He 
was of the opinion that there is no 
basic difference between good auto- 
matic and good hand control of boilers 
and the combustion process. What the 
automatic lacks in prophetic and rea- 
soning power, it more than makes up 
by keeping everlastingly at it and mak- 
ing accurately measured changes better 
than can be made by any but the most 
skilled operator. 

From the viewpoint of automatic 
control, the speaker pointed out, there 
is a vast difference between the burn- 
ing of solid fuels on grates and the 
burning of fuel in suspension, although 
the fundamentals are the same in both 
cases. The principal problem in the 
burning of solid fuels is to maintain a 
uniform fuel bed of the proper thick- 
ness over the entire grate area and 
supply air in proportion to the demand 
for steam. Burning fuel in suspension, 
the problem is to supply both air and 
fuel, intimately mixed, simultaneously 
in proportion to the demand for steam 
and maintain the relationship between 
fuel and air for best efficiency, con- 
sidering also the life of the refractories. 
Steam pressure, said Mr. Bailey, is the 
invariable guide as to whether B.t.u. 
are being supplied to the boiler as fast 
as required by the load. He described 
an electrical system of centralized com- 
bustion control which is now in use in 
a number of plants in which the initial 
impulse is taken from the steam pres- 
sure and the relation between the fuel 
and air supply is adjusted on the 
steam-flow air-flow principle. 

M. G. Benjamin was the second 
speaker, and although agreeing with 
Mr. Bailey, as did the other speakers, 
that the steam pressure should be de- 
pended upon to give the initial impulse 
to the control system, he said that 
means should also be provided to take 
into account all factors in the boiler 
operation. It was not enough to con- 
sider the outgoing steam, but the 
ingoing feed water must bear some 
relation to the steam demand. In his 
company’s system of combustion con- 
trol, he said, they preferred to use the 
most perfectly controllable drive for 
the auxiliaries, namely, the direct- 
current motor. 

In this system the initial impulse is 
taken from a variation in steam pres- 
sure near the throttle valve by a 
master regulator. This impulse is trans- 
mitted to the field of exciting genera- 
tors; one generator for the forced-draft 
fan, another for the stoker and a third 
for the induced-draft fan motors. A 
change in the exciting generator field 
strength changes the voltage of these 
machines, which in turn changes the 
excitation of the auxiliary motors and 
causes a change in speed corresponding 
to the load demand as reflected by the 
change in steam pressure. After this 
initial change takes place, a compen- 
sating device comes into operation 
which takes into account any incon- 
sistencies in the boiler operation so as 


to maintain the most economical oper- 
ation. 

The question of how to prevent a 
hole in the fire when coal is burned on 
a grate was the center of considerable 
attention. Charles H. Smoot agreed 
with Mr. Bailey that the best way was 
not to allow a hole to get in the fire. 
As an example of how his system of 
automatic combustion control handled 
such a condition, he called attention to 
where on a 7-retort stoker 4 of the rams 
were disconnected and the boiler run 
for one hour, and the fire allowed to 
get in very bad condition. The retorts 
were again connected, and in twenty 
minutes the fire was back in good con- 
dition. During this period the boiler 
carried 150 per cent load. 

Mr. Smoot was of the opinion that 
the control of pulverized fuel was not 
so difficult as for a stoker-fired boiler 
and the difference in the character- 
istics of the various drives for boiler 
auxiliaries were of small moment since 
these could be automatically compen- 
sated for in the control equipment. The 
automatic combustion-control equipment 
developed by his company, he explained, 
was of the mechanical type, as it was 
considered better suited to the class of 
men found in the average boiler room. 
This system takes its initial impulse 
from a variation in steam pressure cor- 
responding to a change in load, which 
is transmitted pneumatically to the 
stoker, forced-draft and induced-draft 
fan drives, which change the fuel fed 
and air supply so as to maintain these 
in a constant relation regardless of the 
condition of the fire. 

K. L. Martin said there are two kinds 
of power plants, the ordinary variety 
and the superpower type. In the former 
the boiler-room operators were respon- 
sible for the combustion-control appa- 
ratus, and in such cases the equipment 
had to be suited to the men. With the 
latter type experienced engineers were 
in charge of combustion, so that in such 
plants a more refined system of control 
was warranted. The speaker described 
two types of automatic systems of cen- 
tralized combustion control, one a 
mechanical and the other an electrical. 

The former is to meet the conditions 
in the plants where they do not have 
the class of attendants that are avail- 
able in the large stations, where the 
latter type is more suitable. In these 
systems, as in those previously de- 
scribed, the initial impulse is taken from 
a change in steam pressure. This im- 
pulse is transmitted to a master reg- 
ulator, which speeds up the forced-draft 
fan. In the mechanical type the change 
in pressure through the boiler is used 
to change the speed of the stoker and 
adjust the induced draft. In the elec- 
trical type the flow of air in the forced- 
draft duct adjusts the speed of the 
stoker and the pressure over the fire 
the induced draft. 


Development of hydro-electric power 
on the lower Klamath River in north- 
ern California between the mouth of the 
Shasta River and the Pacific Ocean has 
been prevented for all time by the 
passage of initiative measure No. 11, 
sponsored by the California Fish and 
Game Commission. This bill was 
erronously announced in the Nov. 11 
Power as probably having been de- 
feated. 
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The Chicago Section of the Associa- 
tion of Iron and Steel Electrical Engi- 
neers, will have as the subject for its 
Dec. 4 meeting, “Automatic Substa- 
tions.” 

_The Hartford Section of the A.S.M.E. 
will hold its Dec. 16 meeting at the 
Engineers Club. “What the Technical 
Press Means to Engineers,” by Presi- 
dent Low, A.S.M.E. and editor of 
Power, is the attraction for the evening. 


The National Rivers and Harbors 
Congress will hold its twentieth conven- 
tion at Washington, D. C., Dec. 10-11. 
This convention will be of interest to 
some readers because of the probable 
discussions that will take place on the 
pending government bills covering 
navigation and power of the St. Law- 
rence, Tennessee, Delaware, Columbia 
and other rivers of the country. 

The Chicago Section of the A.S.M.E. 
and the Western Society of Engineers 
will hold a joint meeting at the rooms 
of the Western Society of Engineers, 
on the evening of Jan. 5, to discuss 
“Bearing Lubrication and Modern 
Methods of Applying Lubricants.” The 
first paper on bearing lubrication is to 
be presented by J. A. Marland, techni- 
cal manager of the Vacuum Oil Co. In 
the presentation, attention will be given 
to heavy and light bearings, low-speed 
and high-speed bearings, cement mill 
lubrication of Diesel engines, steam en- 
gines and steam and hydraulic turbines. 
The second paper on applying the lubri- 
cant will be presented by C. L. Sonon, 
factory manager of the Bassick Manu- 
facturing Co. The use of grease will 
be discussed and modern methods of 
applying it, including the Alemite 
force-feed system. 


[ Trade Catalogs 


Una-Flow Engines—Mesta Machine 
Co., Pittsburgh, Pa. Bulletin U-2 gives 
curves and data as well as a descrip- 
tion of this engine, built under the 
Stumpf patents. 


Pumps—The Earle Gear & Machine 
Co., Wayne Junction, Philadelphia, Pa., 
Catalog describing centrifugal pumps 
of single-stage and multi-stage, is well 
illustrated and may be obtained on re- 
quest. 


Desuperheaters — Elliott Company, 
Jeannette, Pa. Bulletin N-6 is a recent 
catalog describing the design and oper- 
ation of the desuperheaters manufac- 
tured by this company. Copies may be 
had on request. 

Instruments—The Brown Instrument 
Co., Wayne and Windrim Aves., Phila- 
delphia, Pa. Pamphlet describing py- 
rometers, automatic temperature con- 
trollers, thermometers, pressure gages, 
tachometers, Co. recorders, etc. 


Conveyors — Conveyors Corp. of 
America, 326 West Madison St., Chi- 
cago, Ill. The catalog “The American 
High Duty Conveyor,” describes a 
steam-jet ash conveyor, 9 in. dia., de- 
signed for handling ashes from power 
plants having high tonnages or operat- 
ing under severe conditions. 


Coming Conventions 


American Association for the Ad- 
vancement of Science. Burton E. 
Livingston, Smithsonian Institu- 
tion Washington, D. C. Meeting 
at Washington, Dec. 29-Jan. 3. 

The American Boiler Manufacturers 
Association. H. N. Covell, 191 
Dikeman St., Brooklyn, N. Y. Mid- 
winter meeting at Cleveland on 
Feb. 

American Ceramic Society. R. C. 
Purdy, Lord Hall, Ohio State Uni- 
versity, Columbus, Ohio. Conven- 
tion at Columbus, ‘Ohio, Feb. 16-21. 

The American Engineering Council. 
L. W. Wallace, 24 Jackson Place, 
Washington, D. C. Annual meet- 
ing at Washington, D. C., Jan. 
16-17. 

American Institute of Chemical En- 
gineers. Dr. John C. Olsen, Poly- 
technic Institute, Brooklyn, N. Y. 
Annual meeting at Hotel Schenley, 
Pittsburgh, Pa., Dec. 3-6. 

American Institute of Electrical En- 
gineers. F. L. Hutchinson, 29 West 
39th St., New York City. Mid- 
winter convention at New York 
City, Feb. 9-13. 

American Institute of Mining and 
Metallurgical Engineers. 
Sharpless, 29 West 39th St., New 
York City. Annual meeting at 
New York City, Feb. 16-19. 

American Petroleum Institute. R. L. 
Walsh, 15 West 44th St., New York 
City. Annual meeting at Texas 
Hotel, Fort Worth, Texas, Dec. 9-11. 

American Society for Testing Mate- 
rials. C. L. Warwick, 1315 Spruce 
St., Philadelphia, Pa. Annual meet- 
ing at Atlantic City, N. J., June 

- 22-26 

American Society of Heating and 
Ventilating Engineers. 
Houghten, 33 West 29th St., New 
York City. Annual meeting at Bos- 
ton, Jan. 28-30. 

American Society of ee En- 
gineers. Calvin W. Rice, 29 West 
39th St., New York City. Annual 
meeting at New York City, Dec. 1-4. 

American Society of Refrigerating 
Engineers. W. H. Ross, 35 War- 
ren St., New York City. Annual 
meeting at New York City, Dec. 1-3. 

Engineering Institute of Canada. 
Fraser S. Keith, 176 Mansfield St., 
Montreal, Que. Annual meeting at 
Montreal, Que., Jan. 27-29 

Exposition of Inventions. E. W. Bart- 
lett, 47 West 34th St., New York 
City. Exposition at Engineering 
Societies Building, 29 West 39th 
St., New York City, Dec. 8-13. 

Illinois Society of Engineers. FE. R. 
Tratman, Wheaton, Ill. Meeting at 
Chicago, Jan. 14-16. 

Iowa Engineering Society. 
Dodds, Box 202, Ames, Iowa. Con- 
vention at Des Moines, Iowa, Jan. 
27-30. 

Kansas Engineering Society, Ernest 
Boyce, Lawrence, Kansas. Meet- 
ing at Lawrence, Kan., Dec. 10-12. 

Master Boiler Makers Association. 
H. D. Vought, 26 Cortlandt St., 
New York City. Convention at 
Chicago, May 19-22. 

National Exposition of Power and 
Mechanical Engineering. 
Roth, Grand Central Palace, New 
York City. Annual exposition at 
New York City, Grand Central 
Palace, Dec. 1-6. 


National Marine Engineers Beneficial 
Association, Geo. A. Grubb, 313 
Machinists Building, Washington, 
D. C. Convention at Hotel Frank- 
lin Sq., Washington, D. C., Jan. 19. 


Society of Automotive Engineers. C. 
F. Clarkson, 29 West 39th St., New 
York City. Annual meeting at 
Detroit, Mich., Jan. 20-23. 


West Virginia-Kentucky Association 
of Mine, Mechanical and Electrical 
Engineers. Herbert Smith, Hunt- 
ington, W. Va. Fourth annual 
convention at Frederick Hotel, 
Huntington, W. Va., Dec. 12-13. 


Western Association of Electrical In- 
spectors. G. M. Miller, 1304 South 
ith St., Louisville, Ky. Annual 
convention at the Brown Hotel, 
Louisville, Ky., Jan. 27-28. 
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Lubrication—E. F. Houghton & Co., 
Philadelphia, Pa. “A Treatise on 
Steam Cylinder Lubrication,” by the 
Houghton Research staff, has recently 
been issued by the company to describe 
and explain their Cyl-Tal lubricant. 

Arches—M. N. Detrick Co., 140 South 
Dearborn St., Chicago, Ill. This is the 
eighth edition of the catalog “Detrick 
Arches,” which describes typical and 
modern furnace settings equipped with 
suspended flat arches and sectional sup- 
ported wall as applied to all types of 
boilers using pulverized ccal or stoker 
equipment. 

Fibre, Hard—Spaulding Fibre Co., 
Inc., Tonawanda, N. Y. A good catalog 
about the applications of this important 
material, hard fibre, has just been 
issued. Pictures of forms and interest- 
ing uses for the material are given. 
Bakerlite-Duresto and other fibres man- 
ufactured by the company are included 
in this catalog. 

Steam Specialties—The Strong, Car- 
lisle & Hammond Co., Cleveland, Ohio. 
The new catalog, No. 28, covers the 
traps, valves, controllers, governors, 
strainers, maintainers, regulators and 
other steam specialties manufactured 
by this company. It gives full descrip- 
tions of the equipment, and is well 


illustrated and furnished with price 
lists. 


Fuel Prices | 


BITUMINOUS COAL 


The following table shows the trend 
of the spot steam market in various 
coals (mine run bases, f.o.b. mines): 


Market Nov. 17, Nov. 24, 


Coal Quoting 1924 1924 
New York... $2.75 $3.00 
Smokeless....... Columbus.... 2.00 2.25 
Clearfield........ Boston... ... 1.90 2.25 
Somerset. . .» Boston...... 2.05 2.35 
Kanawha........ Columbus.... 1.55 1.65 
Hocking.. Columbus... . 1.60 
Pittsburgh No. 8 Cleveland.... 1.85 1.90 
Franklin, Chicago. .... 2.33 2.50 
Central, ae Chicago..... 2.20 2.25 
Ind. 4th Vein.... Chicago... 2.35 2.40 
West Hy........ Louisville.... 1.60 1.75 
Louisville.... 1.60 
Big Seam........ Birmingham.. 1.70 1.90, 


FUEL OIL 


New York—Nov. 26, light oil, tank- 
car lots; 28@34 deg. Baumé, 43c. per 
gal.; 36@40 deg., 5c. per gal., f.o.b. 
Bayonne, N. J. 

St. Louis—Nov. 18, tank-car lots, 
f.o.b. St. Louis; 24@26 deg., $1.85 per 
bbl.; 26@28 deg., $1.90 per bbl.; 28@ 
30 deg., $1.95 per bbl.; 30@32 deg., 
$2 per bbl.; 32@36 deg., gas oil, 5c. 
per gal.; 38@40 deg., 6c. per gal. 

Pittsburgh—Nov. 13, f.o.b. local re- 
finery; 30@34 deg., fuel oil, 5c. per 
gal.; 36@40 deg., fuel oil, 54c. per gal. 

Dallas—Nov. 22, f.o.b. local refinery, 
26@30 deg., $1.15 per bbl. 

Philadelphia—Nov. 22, 28@30 deg., 
$2.10@$2.15 per bbl.; 18@22 deg., 
$1.873@$1.933; 13@16 deg., $1.75@ 
$1.813 per bbl. 

Boston—Nov. 24, tank-car lots, f.o.b.; 
heavy oil, 12@14 deg. Baumé, 43c. per 
gal.; light oil, 28@32 deg. Baumé, 5ic. 
per gal. 

Cincinnati—Nov. 18, tank-car lots, 
f.o.b. local refinery, 24@26 deg. Baumé, 
5e. per gal.; 26@30 deg., 5ic. per gal.; 
30@32 dee., per gal. 
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Ark., Cotton Plant—The City plans the 
construction of a new water works system, 
including pumps, etc., estimated cost $25,- 
000. New England 
Bldg., Kansas City, Mo., are engineers. 
Ark., Little Rock—Little Rock Hotel Co., 
is having plans pre- 
pared for the construction of a 12 story 
hotel at 6th and Louisiana Sts., estimated 
cost $1,000,000. G. D. Barnett c/o Barnett, 
Century Bldg., 
Louis, Mo., is architect. 


Ark., Little Rock—Newcomb Hotel Co., 
c/o J. N. Newcomb, Marion Hotel, awarded 
the contract for the construction of a 10 
story hotel at Main and 7th Sts., to Ault & 
117 West 2nd St. 


Little Rock—Rector & Williams, 
Reigler Bldg., awarded the contract for the 
of a 10 story office building 
at 3rd and Spring Sts., to Herman-McCain 


California—The Southern California Edi- 
son Co., 306 West 3rd St., Los Angeles has 
voted a budget to finance hydro-electric 
development on Big 
river project, cost approximately $7,535,- 
. 000; complete steam plants, now under con- 
struction $3,965,000; ) 
facilities between Big 
Creek and Southern California, $1,500,000 ; 
extensions and betterments to distributing 
systems, $12,000,000. 

Calif., Huntington Park—The City plans 
an election to vote $56,000 bonds to pur- 
chase present water system and to install 
additional equipment including 200,000 gal. 
elevated steel tank and tower, 100,000 gal 
reservoir, centrifugal pump, electric motor, 


Creek San Joaquin 


Kirkwood—H. 
Balfour Bldg., 
cisco, Engr., is having plans prepared for 
irrigation of 522 acres, including installa- 
tion of 2 centrifugal pumps operated by 


Calif., Los Angeles—Business Dist. De- 
Merchants National Bank 
having plans prepared for the 
construction of a 6 story, 50 x 135 ft. hotel 
and store building on Wilcox Ave. 
Whittlesey, 6533 Hollywood Blvd., is archi- 


velopment Co., 


Calif., Los Angeles—Ostepath Sanitarium 
F. Sprague, Secy., Black 
contract for the con- 
struction of a 5 story hospital at Temple 
and Hoover Sts., to Stromwell & Halperin, 
1007 South Grand Ave. 


Angeles — Peoples Mortgage 
is having pre- 
liminary plans prepared for the construc- 
tion of an 8 story store and loft building 
including refrigeration system, and 2 elec- 
tric elevators, at 5th and San Pedro Aves., 
estimated cost 
321 Laughton Bldg., is architect. 


Merced—Merced Irrigation Dist., 
will receive bids until 
Dec. 16 for two 48 x 60 in. slide gates for 
265 ft. head, two 75 x 96 in. slide gates for 
290 ft. head, two 96 in. inlet 290 ft. head 
needle type penstock valves, 
pivot valves, two 96 in. 290 ft. head needle 
type discharge valves, two 96 in. hydraulic 
for the Exchequer dam 


Hospital, Ine., N. 


H. P. Sargent, Secy., 


balanced valves, 
project and power house. 
chief engineer. 
Oakdale—The City 
constructlon of a pumping 
plant to be installed at well in south part 
G. Macomber is engineer. 

Fla., Jacksonville—Applebrook Co., D. P. 
is having plans pre- 
pared for the construction of a 12 story 
hotel at 27-45 West Adams St., estimated 
cost $1,250,000. 
Bldg., is architect. 

Tampa—E. W. Hensley & A. E. 
Highway, plans 
the construction of a hotel at corner of 
Hyde Park Ave. and Platt St., estimated 
cost $800,000. 

Ill., Jonesboro—The City, 
will receive bids until Dec. 5 for water- 
improvements, 
house, 300 g.p.m. 


305 Memorial 


A. Berl, Clk., 


direct connected centrif- 
ugal pump and a 5 hp. motor, ete., esti- 
mated cost $40,000. W. A. Fuller Co., 1917 


Railway Exchange, St. Louis, Mo., is en- 


Springfield—Burns & McDonell En- 
gineering Co., 402 Interstate Bldg., Kansas 
City, Mo., Engrs., will receive bids about 
Jan. 1, 1925 for the construction of a 
10,000 gal. water filtration and softening 
plant and extensions to main power plant, 
estimated cost $500,000. 


Ky., Glasgow—Glasgow Water Co. plans 
the construction of a new pumping station, 
including 50 to 60 hp. crude oil engine, tri- 
plex pump to deliver 600 g.p.m. water 
against static head of 230 ft., estimated cost 
$40,000. T. N. Bradford, is manager. 


La., Monroe—Frost-Whitted Co., awarded 
the contract for the construction of a 5 
story hotel to Central Constructing Co., 
Shreveport, estimated cost $600,000. 


Me., Rumford—The Community Hospital 
Assn., plans the construction of a hospital. 
nurses’ home and power house. Rogers & 
Dion, 142 Berkley St., Boston, Mass., are 
architects. 

Mass., Beverly—The City and State plan 
the construction of a pumping station at 
Andrews Court, part of an extensive sewer 
project here and other nearby towns. H. 
Goodnough, Sewer Comn., Room 141 State 
House. is engineer. 

Mass., Boston—370 Commonwealth Ave., 
Inc., 370 Commonwealth Ave., awarded the 
contract for the construction of a 9 story 
apartment hotel at Massachusetts and Com- 
monwealth Aves., to Boyle Robertson Con- 
struction Co., Washington, D. C., estimated 
cost $1,000,000. 


Mich., Detroit—Michigan Bell Telephone 
Co., Cass Ave., is having preliminary plans 
prepared for a 10 story addition to tele- 
phone and office building, including steam 
heating equipment. Smith, Hinchman & 
Grylls, 800 Marquette Bldg., are architects. 


Mich., Grand Rapids—Blackmer Rotary 
Pump Co., Petoskey, plans the construction 
of a power plant and foundry in connec- 
tion with the proposed plant on Century 
Ave., between Griggs and Plett Sts. Con- 
tract for the construction of a machine 
shop and office has been awarded to Owen, 
Ames, Kimball Co., Pearl St., estimated 
cost $100,000. 


Mich., Pontiac—Jewett Radio & Phono- 
graph Co., 79 South Saginaw St., is having 
plans prepared for the construction of a 2 
story radio factory including 32 x 37 ft. 
steam heating plant, on Archard Lake Ave, 
Fisher Bros., 24 West Huron St., are archi- 
tects. 

Mo., Kansas City—Levy Bros. Meat & 
Provision Co., 22 Market St., plans the con- 
struction of 2 story retail store including 
two 25 ton ice manufacturing machines 
and specially constructed refrigerator room, 
estimated cost $150,000. Private plans. 


Mo., St. Joseph—M. K. Goetz Brewing 
Co. awarded the contract for the construc- 
tion of a 1 and 3 story cold storage plant 
to E. H. Lawhon Construction Co., St. 
Joseph, cost approximately $60,000. 


Mo., St. Louis—Roxana Petroleum Cor- 
poration, Arcade Bldg., is having  pre- 
liminary plans prepared for the construc- 
tion of a 9 story office building on Locust 
St., at 13th St., estimated cost $1,000,000. 
Jamieson & Spearl, Arcade Bldg., are 
architects. 

N. Y¥., Brooklyn—A. Cully, 470 Senator 
St., is in the market for 1 slip ring motor, 
75 to 100 hp., 3 phase, 60 cycle. 

N. Y., New York—The Dept. of Public 
Markets, E. O’Malley, Comr., Municipal 
Bldg., is having plans prepared for the 
construction of a 4 story refrigerating plant 
on Exterior St., estimated cost $325,000. 

N. Y., New York—Elk-Freed Co., Inc., 
c/o J. Martine, 31 Union Sq., archt., is hav- 
ing plans prepared for the construction of 
a 20 story office building at 21st St. and 
Broadway. 

0., Bexley—The Jennings-Lawrence Co., 
511 Hartman Bldg., Columbus, Eners., are 
preparing plans for a pumping station with 
capacity of 100 g.p.m. 

0., Elyria —— The Elyria Belting & Ma- 
chinery Co., is in the market for boiler, lo- 
comotive type, 29 hp. 90 to 100 Ibs. 
pressure. 

Okla., Fairview—The City, O. T. Corwin, 
Clk., is in the market for 1 new 200 hp. 
Diesel oil engine generator set together 
with exciter and fuel tank. 

Okla., Fort Sill—Office of the Construct- 
ing Quartermaster has rejected all bids for 


New Plant Construction 


3 boiler houses and heating plants for 
buildings No. 113, 115 and 123. New bids 
will be called for soon. 


Okla., Hollis—The City voted a $100,000 
bond issue for a new water supply system, 
including mains, pumps, reservoir, etc. 
Gant Baker Co., 1116 West Main St., Okla- 
homa City, is engineer. 


Okla., Madill — The City is having pre- 
liminary plans prepared for the construc- 
tion of a new electric light plant, including 
oil engine equipment, estimated cost $50,- 
000. K. B. Carson, Madill, is engineer. 

Ore., Molalla—Eastern & Western Lum- 
ber Co., Ft. of North 21st St., Portland, is 
building a new logging camp and saw mill 
and 20 miles of railroad by day labor, esti- 
mated cost $500,000. Owner is in the mar- 
ket for machinery, engines, boilers, etc. for 
200,000 capacity mill, also rails and equip- 
ment. F. H. Ramson, Gen. Mgr. 


Tex., Brownsville—Valley Light & Elec- 
tric Co., has purchased a light and power 
plant at Raymondville and will enlarge 
plant and install additional engine, dy- 
namo, ete. The company will also add a 
new power plant unit at Brownsville, and 
install engine, pumping unit, dynamo, etc. 


Tex., Coleman—The City, E. P. Scar- 
brough, Mayor, voted $105,000 bonds for 
waterworks improvements, including larger 
pumping capacity, larger power house, etc. 

Tex., Corsicana—Navaro County Hos- 
pital, A. P. Mayes, County Judge, Court 
House, will soon receive bids for the con- 
struction of a boiler and steam heating 
plant, including Kewanee boiler, etc., esti- 
mated cost $6,000. 


Wash., Mt. Vernon—Dist. No. 22, Skagit 
County, has plans underway for reclaiming 
9,000 acres of land, including the installa- 
tion of pumping plant, irrigation lines and 
roads, estimated cost $1,300,000. The con- 
tract for the construction of an 8 mile dike 
has been awarded to Pacific Dredging & 
Construction Co., Atlaska Bldg., Seattle. 
Bonds have been voted for the project. 
R. H. Bailey, Mutual Life Bldg., Seattle, is 
engineer. 


Wis., Fond du Lac—The Water Dept., 
J. Breister, Supt., will receive bids until 
Dec. 4 for addition to pumping station. 
J. E. Hennen, 74 South Main St., is en- 
gineer. Number and type of pumps not 
determined. 


Wis., Janesville — Rock County voted 
$25,000 bonds for remodeling building at 
asylum and poor farm for refrigeration 

lant including machinery. A. Cullen, 

upt. of Asylum. Engineer not selected. 


Wis., Manitowoc—Aluminum Goods Mfg. 
Co., 15th and Franklin Sts., G. Vits, Pres., 
awarded the contract for the construction 
of a 7 story warehouse and manufacturing 
plant, also a power house, to W. : 
Oeflein, Inc., 86 Michigan St., Milwaukee, 
estimated cost $350,000. 


_Wis., Onalaska—Onalaska Pickle & Can- 
ning Co., E. Johnson, Megr., is having plans 
prepared for the construction of a 2 story 
cold storage warehouse, estimated cost $45,- 
000. O. J. & R. E. Sorenson, 225 South 
8th St., LaCrosse, are architects. Owner 
is in the market for refrigeration equip- 
ment. 


Wis., Waupun—Water & Light Comn., 
R. Zimmermann, Clk., will receive bids 
until Dec. 4 for one single stage centrifugal 
pump, 500 g.p.m. capacity. 


Ont., Toronto — Remington Typewriter 
Co., Ltd., 146 King St., W., plans the con- 
struction of a factory, estimated cost $200,- 
000. Architect not selected. Owner is in 
the market for equipment including motors. 


Que., Coaticook—The rate payers have 
approved the project and bids will soon 
be asked for the development of 1850 elec- 
tric hp. under a 145 ft. head, utilizing the 
upper half of gorge on Coaticook River, 
also the construction of a dam and tunnel- 
ling through 1,500 ft. of rock to North 
Coaticook where power house will be 
erected, 2 hydro electric units of 125 hp. 


each, estimated cost $180,000. E. O. Bald- 
win is mayor. 
Que., Montreal—P. R. DuTremblay, 


Drummond Apts., awarded the contract for 
the construction of a 13 story apartment 
house at Sherbrooke and Mount Aves., to 
Anglin Norcross, Victoria St. estimated 
cost $3,500,000. 
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